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ABSTRACT 
 
 In this dissertation, I examine the relationship between environmental 
conditions and human activity in the landscape of the Argive Plain of Greece 
after the collapse of the Bronze Age palatial system (1200–750 B.C.). I use 
evidence from four locales: the Petsas House and the Lower Town at Mycenae, to 
the immediate northwest and southwest of the citadel respectively; the 
settlement at Chania, three kilometers downstream; and the Northwest Town of 
Tiryns, in the lower reaches of the plain. I apply micromorphological analysis 
(the microscopic analysis of soils and sediments) integrated with analysis of 
grain-size and soil chemistry (assessed by X-Ray Fluorescence and Fourier 
 Transform Infrared) in order to place depositional events within the context of 
settlement change at the end of the Bronze Age. 
The climate had been drying during the Late Bronze. An earthquake ca. 
1200 B.C. is concurrent with the beginning of the final period of occupation on the 
edge of the plain around Mycenae. Some accumulation of sandy muds, 
destabilized sediments from the largely abandoned citadel, is observed at Petsas 
House as well as in the Lower Town where, additionally, remains were buried 
by two deposits of red muddy gravels from uncultivated mountain slopes. The 
gravels are separated by a brief period of stability (less than a century) marked 
by a weak soil formation, and reached final equilibrium in the Early to Middle 
Geometric period (900–760 B.C.). At the same time, three kilometers downstream, 
similar red muddy gravels resulted in the interruption of activity at the 
settlement of Chania. Meanwhile, at Tiryns, 30 cm of sandy muds, also 
destabilized by drier conditions, were deposited over decaying mudbrick, 
implying that the site was already abandoned before sedimentation occurred.  
The burial of both Mycenae and Tiryns demonstrates the instability in the 
Argive landscape and the complications of relating these changes to settlement. 
In the environs of Mycenae, the sudden deposition of muddy gravels certainly 
brought about the abandonment at Chania, and possibly also in the Lower Town; 
 while at Tiryns abandonment preceded accumulation. This study demonstrates 
how intensive geoarchaeological study must be a component in properly 
situating sites in their particular landscapes. 
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 1 
INTRODUCTION:  UNDERSTANDING ENVIRONMENTAL DEGRADATION 
IN AN ARCHAEOLOGICAL CONTEXT 
 
 Region, Period, and Research Questions 
 The Argive Plain is a relatively narrow coastal alluvial plain in the Argolid 
prefecture of Greece on the Peloponnesos (FIGURES 1, 2), a mountainous and semi-
arid peninsula which constitutes the major landmass of southern Greece. The 
 
Figure 1. Map of Greece, showing sites discussed in this dissertation. The main study region, the Argive 
Plain in the northern Argolid containing Tiryns and Mycenae, is shown in the dotted box and Figure 2. 
Other sites of interest to the study of land management and landscape change include Glas, Volos, Pylos, 
Mycenae, Etoliko, Ailikki, Stymphalos, Tiryns, Korphos Kalamianos, Athens, and Orchomenos. These 
sites will be discussed in the larger context of landscape change and management in Bronze Age Greece 
in the final chapter. 
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 Peloponnese is home to several important sites of the Late Bronze Age, 
including the Citadels of Pylos in Messenia, Agios Vasilios in Lakonia, and 
Mycenae, Midea, and Tiryns in the Argolid. The density of fortified sites in the 
Argive Plain is of particular interest, as it has given archaeologists the 
 
Figure 2. Contour map showing the sites studied in the Argive Plain (Mycenae, Chania, and Tiryns) and their 
position relative to others places of interest in the Argive Plain. The dotted line shows the Xerias and Inakhos 
channels, which are responsible for draining most of the plain. The dashed box shows the extent of the Argive 
Plain as discussed both in the original publication of the archaeology of the area (Zangger 1993) and this study. 
Contour map adapted from drawing by Julia Pfaff (Wright 2004: fig. 9.2). 
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Table 1. General chronology (Left) for the Aegean Stone, Bronze, and Early Iron Ages as well as detailed 
chronology (right) for Late Helladic III. The body of research on landscape change in the Argolid spans from 
the Paleolithic to the Modern era, although the last recorded “major” event usually discussed in the literature 
occurred in LH III B, likely LH III B2, at Tiryns (Zangger 1993, 1994). The reported major alluvial events across 
the Peloponnese occur during the Final Neolithic through the beginning of the Early Helladic. 
 
opportunity to study the changing relationships between the citadels during the 
rise of Mycenaean civilization (1600–1200 B.C.) and the subsequent Palatial 
Collapse (ca 1200 B.C.) and aftermath (1200 B.C.–1000 B.C.). 
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The Mycenaean civilization flourished from the end of the Greek Middle 
Bronze Age, or Middle Helladic, in the 17th century B.C., to the palatial collapse in 
the Late Bronze Age, or Late Helladic, at the end of the 12th century B.C. (TABLE 1). 
This dissertation focuses on the end of the palatial period and the following post-
Palatial period (1200–1000) and “Dark Age” (ca. 1000–800). While still under-
Figure 3. A) General Timeline of alluviation and stability in Greece from the Paleolithic to the present, 
adapted (Dusar et al. 2011: fig. 4), red bars indicate alluviation while green bars indicate stability. 
Sedimentation rates (above two lines) are given in mm per year. Black arrow and pink bar indicate the 
Bronze Age-to-Early Iron Age transition; B) Settlement History and land use in the Argolid, comparing 
settlement changes, vegetation, and sedimentation for the region (from Butzer 2005: fig. 2); C) Site totals 
through the Bronze Age for the Argolid (Wright 2004: fig. 9.3) and the Argive Plain (Wright 2004: fig. 9.6), 
showing the magnitude of the Late Bronze Age population increase in the study region. 
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studied, this time period is crucial as it marks the transition from the Bronze Age 
socio-political and economic systems, represented by the so-called “palaces” to 
the background from which the polis, the autonomous city-state, emerged. As 
such, it is crucial to develop a closer understanding of the transformations within 
the local and regional landscapes of the sites and how those landscapes shaped 
or were shaped by the events of the Late Bronze Age and the fall of the palaces. 
The record for landscape change for the Bronze Age in Greece is 
ambiguous when it comes to the impact of human occupation on the landscape. 
The first signs of large-scale disturbance by humans, in the Neolithic and Early 
Bronze Age, are large-scale alluvial accumulations in the Argolid (van Andel and 
Runnels 1987) and the Larissa Basin (FIG. 3A, 3B). Oddly enough, the Late Bronze 
Age, when population increased significantly in the Argolid (FIG. 3C) and across 
Greece, is not accompanied by ubiquitous landscape change. While Bronze Age 
erosion and subsequent accumulation is attested at Etoliko lagoon in Egion 
(Haenssler et al. 2013), the Phlious Basin in the northeast Peloponnese (Fuchs 
2007), the Sparta Basin Piedmont in Lakonia (Pope et al. 2003) , and on the island 
of Melos these examples are isolated, and not present as large regional 
lithostratigraphic  units.  The discrepancy in settlement density and observed 
erosion has been explained by “effective soil management” (Butzer 2008; Kvapil 
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2012), specifically the introduction of wide-scale terracing. Terrace systems, 
however, are not widely represented on mainland Greece during the Bronze 
Age, with the two known examples being at Mycenae in the Argolid (Chapter 3) 
and at Korphos-Kalamianos on the Saronic Harbor (FIG. 1) (a discussion of 
Korphos-Kalamianos will be held until Chapter 7, in the context of the general 
instability of the Mycenaean landscape). While terraces at Mycenae will be 
discussed in the third chapter, terracing at Korphos-Kalamianos and Pseira 
(Betancourt et al. 2005), off the coast of Crete, will be discussed in Chapter 7. 
There are three main questions explored by this dissertation: are there erosion 
and landscape change in the Argolid at the end of the Bronze Age? To what 
degree was the landscape altered by human disturbance, and by the subsequent 
decay of the built environment? What impact may this have had on the 
settlement dynamics in the Argive Plain at the end of the Bronze Age? 
It is my hypothesis that landscape change, driven mostly by natural 
forces, provided an increasing challenge to settlement on the edge of the plain, 
while settlement could continue in the plain itself, aided by channel management 
structures built by a community with a history of floodplain adaptation, until 
socioeconomic pressures forced the total abandonment of large sites in the 
Argolid. In order to address problems of scale and to permit the greatest 
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interpretive capacity, sedimentological, microscopic and chemical data were 
collected from three sites dating from the end of the Bronze Age and placed 
within the landscape history of each site, which in turn were incorporated into 
the history of the region. It is hoped that a study at this scale may lead to 
expanded use of microscale evidence within regional landscape histories. 
 
Degradation in Archaeological Study 
Weiberg, in the first synoptic and diachronic review of climate change and 
human disturbance in the Peloponnese (Weiberg et al. 2014), asserts that the term 
“degradation,” as applied to environmental deterioration, is “very much a 
subjective notion, dependent on who you ask, and when” (Weiberg 2014). To the 
contrary, the ecological phenomenon of degradation is widely understood, 
relative to human experience, as a measurement of the unsuitability for further 
human use (Mueller et al. 2014; Halbac-Cotoara-Zamfir 2015). The United 
Nations “Convention to Combat Desertification” uses a slightly different, but 
perhaps better qualified, definition: 
Reduction in or loss, in arid, semi-arid, and dry subhumid areas, of 
the biological or economic productivity and complexity of rain-fed 
cropland, irrigated cropland, or range, pasture, forest, and 
woodlands resulting from land uses or  from a process or 
combination of processes, including processes arising from human 
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activities and habitation patterns, such as: (i) soil erosion caused by 
wind and/or water; (ii) deterioration of the physical, chemical, and 
biological or economic properties of soil; and (iii) long-term loss of 
natural vegetation (UNCCD Part I. Article 1) 
 
For archaeologists, the confusion appears to surface with strictly ecological 
definitions such as that given by Lal (2011): “the loss of climax vegetation and its 
replacement by secondary vegetation with an adverse impact on the quality of 
the upper soil horizon” (316). The challenge stems not from finding an adequate 
definition of land degradation, but understanding that degradation is a 
combination of processes (natural and anthropogenic) affecting both ecology and 
economy.  
The interaction of climate, landscape, and society is an undeniable driving 
factor in the archaeology of the Eastern Mediterranean, and these interactions are 
endlessly debated for their role in the rise and fall of civilizations (e.g., the 
American Southwest [Fagan 2009], Easter Island [Diamond 2011], the Maya 
[Turner and Sabloff 2012], ancient Mesopotamia [Jacobsen 1982; Neumann and 
Parpola 1987], ancient Egypt [Butzer 1976; Bell 1975], among others). The 
difficulty in the debate is not whether or not environment has an effect on 
societal development (or vice versa) but to what degree, and at what periods in 
history, these interactions are visible in the record. Weiberg and colleagues (2016) 
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remind researchers that the construction of “socio-environmental history” 
requires a robust approach incorporating archaeological and environmental data 
of considerable volume and detail (53).  
Besides suffering from issues of dating resolution, given the varied 
conditions of formation and preservation, as well as margins of error for dating 
methods, climate data in the Mediterranean suffers from issues of scale.  While 
climatic investigations into migration and settlement in Egypt (Kuper and 
Kropelin 2006) and the Eurasian steppe (Chlachula et al. 2010; Panyushkina 2012) 
have yielded strong support for the impact of climate on settlement, Holocene 
Greece has not until recently been studied at such a high resolution. In Greece, 
absence of information has hindered investigation, as reliable climatic evidence 
has been obtained only from a few speleothems, particularly from Alepotrypa 
(Boyd 2015) and Kapsia (Finné et al. 2014) caves, and pollen records, though more 
common, are themselves subject to changes in human occupation and do not 
necessarily reflect short period events due to the capacity of vegetation to rebound 
(for the Argolid, see Atherden et al. 1993).  
Studies of landscape change, namely alluviation, and settlement have relied 
largely on identifying concurrences of high settlement density and increase bed 
and suspended load in alluvial systems. Large-scale alluviation, however, is not 
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the only possible result of human exploitation of the landscape, and can be 
generated by changes in precipitation and vegetation.  As such, causation is largely 
implied from chronological succession although this succession is often implied 
from concurrence on large time scales, as precise dating is often lacking for 
changes in alluviation (Weiberg 2014). When individual drainages in larger 
alluvial systems are studied individually and systematically, as was done for the 
analysis of the Sparta basin alluvial fans (Pope et al. 2003) (FIG. 4), the results reflect 
Figure 4 Comparison of upland site distribution, general deposition, and alluvial fan activity in the Sparta 
Basin Piedmont with economic interpretation. From Pope et al. 2003, fig. 11. Increases in site frequency appear 
to correspond to periods of increased deposition in fan systems, namely during the Late Helladic, Hellenistic, 
and Late Roman periods.  
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smaller-scale fluctuations that can be associated with small-scale changes in site 
density. It is worth noting that in their study of alluviation rates in the Sparta Basin 
Piedmont, R. Pope and colleagues (2003) detected an increase in alluvial action 
during Late Helladic settlement expansion. The usual argument that the 
introduction of terraces in the Late Bronze Age on mainland Greece prevented 
erosion, or even that their degradation caused later landscape change, should not 
be accepted in the absence of proof. 
Figure 5. The Argive Plain, showing the locations of Mycenae and Tiryns and 
the sites analyzed in this study. Dotted lines show the Xerias/Inakhos Channel 
system (left) and the Manessi Channel system (right). The two study areas lie at 
considerably different altitudes, with Mycenae being above 200 masl and Tiryns 
resting at 6 masl. 
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I contribute here to a resolution of the debate on Late Bronze age landscape 
change through the approach of this study, taking advantage of the high volume 
of data that can be extracted from on-site sediments. My goal is to place this data 
in the context of the greater landscape history of the Argive plain, first established 
by Zangger (1993, 1994; Finke 1988), and within the site histories for the sites of 
Tiryns and Mycenae developed after more than a century of excavation. At 
Mycenae, the discoveries of the Dickinson Excavation Project and Archaeological 
Survey have afforded an opportunity to use on-site sediments in order to place the 
architecture in a larger environmental context. 
 
Sites Analyzed in this Dissertation 
Tiryns: Northwest Town 
The town of Tiryns, which appears to have occupied the alluvial plain to the 
north, west, and southwest of the citadel, has not been completely excavated. 
Early excavations by Kilian showed the potential for a large settlement 
surrounding the citadel (Kilian 1982). Later work by Eberhard Zangger 
demonstrated the geographic shift of the town towards the acropolis from the 
Early Helladic to the Late Helladic, followed by the rapid burial of the town by 
flood deposits (see Chapter 2). The town was rebuilt after these floods, and the 
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recent excavation of the area to the immediate northwest of the citadel shows the 
extent of the LH III C rebuilding and the later Early Iron Age re-occupation of the 
site after a brief period of abandonment (Maran and Papadimitriou 2017). 
Micromorphological analysis of the site shows some accumulation in the form of 
alluvial muds during this period of abandonment (See Chapter 2). 
 
Mycenae: Lower Town 
The Lower Town of Mycenae, or Mycenae Lower Town (MYCLT), is located just 
south of the citadel, occupying an archaic alluvial terrace at the confluence of the 
Khonia channel and a now-defunct local tributary which passes between the 
Panagia ridge and the Mycenaean Acropolis. Extensive geophysical survey 
(2004–2007) comprising integrated ground-penetrating radar (GPR), electrical 
resistivity, and magnetometry uncovered a palimpsest of buildings extending for 
nearly a kilometer along the western bank of the Khonia (Maggidis and Stamos 
2006).  
Although the exact nature of the ruins along the channel is undoubtedly 
important for understanding the exact nature of extramural settlement, and by 
extension the prehistory of urbanism in Greece (Maggidis and Stamos 2006: 164), 
is not the focus of the following analysis. It is important to note however, as do 
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Maggidis and A. Stamos, that if the bulk of the settlement were centered on the 
area of the Khonia channel north of the Agios Georgios Dam (see Chapter 3), 
then an alternative appears for the model of satellite settlements centered on 
small-group cemeteries (the 15 chamber tomb cemeteries) and pre-dating the 
road system, as proposed by Dickinson (1994: 78–80). In fact, the discovery of a 
possible gate complex (Maggidis and Stamos 2006: 161) appears to confirm 
Jansen’s supposition that the main highway ran south from the citadel in the area 
of the House of the Oil Merchant, to the immediate north of the MYCLT site 
(2002: 49). The longevity of this part of the valley as a site for occupation may be 
read in Mylonas’s (1966: 87) identification of a Mycenaean bridge earlier than the 
Agios Georgios “bridge,” which Jansen surmises would have served the area to 
the immediate south of the citadel (2002: 50). That this area was of special 
importance is also supported by the location of the cult center, which appears to 
have dated the citadel walls (French and Lord 2007). 
This GPR signature was interpreted, given the acknowledged history of 
the area, to be the remains of the extramural settlement of the Late Bronze Age 
town of Mycenae. Excavation, from 2007–2011, however, revealed a more 
complicated sequence of deposition dating from the Late Helladic Period 
through the Hellenistic. The diachronic scope of the site is significant, 
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demonstrating use of the site in the Late Helladic, Geometric, Archaic, and 
Hellenistic periods, and excluding the Classical period after the historically-
attested siege by the Argives (Diodorus Siculus 11.65-65.5; Sage 1996; Mahaffy 
1877).  
LH architectural remains were uncovered beneath a thick (1.6–2 m) layer 
of apparent colluvial deposits. These deposits are significant as they have called 
into question the “singular” or “catastrophic” interpretation of the well-known 
LH (III B) torrential deposits (Zangger 1993; Zangger 1994; Finke 1988) which 
buried the town of Tiryns, approximately 20 km south of Mycenae in the Argive 
Plain. Together with apparent muddy gravels discovered at the nearby site of 
Chania in the Argolid (see Chapter 1, and Palaiologou 2014 and 2015) these 
deposits suggest landscape instability over a wider area on the margin of the 
Argive Plain. Analysis of these deposits, and those from the Petsas House on the 
north side of the citadel, is intended to aid in the understanding of the transport 
of the sediments, so that the depositional environment at the end of the Bronze 
Age may be better inferred. 
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Mycenae: Petsas House 
Petsas house, on the Pezoulia hill 360 m northwest of the Lower Town, was first 
investigated in 1950 by Papaditmitriou and Petsas (Papadimitriou and Petsas 
1950: 203–233).  The site is currently interpreted as a Late Helladic ceramic 
workshop supplying both the citadel and surrounding area (Shelton 2007). Built 
on the northern slope of the hill at an elevation of 200m, the site is cut into the 
bedrock in places and preserves an LHIII A2 destruction layer with little evident 
reuse until the Hellenistic period (Shelton 2007: 190).  Shelton (2007) suggests a 
catastrophic event at the end of LH IIIA, “an earthquake most probably,” citing 
changes in architecture in the ensuing LH IIIB construction program. Shelton 
also notes a contrast in building programs and regional archaeology at the LH III 
B/C transition (Shelton 2007: 187; Bennet 2007; de Fidio 2001; Shelmerdine 2001a, 
2001b; Voutsaki 2001; French and Stockhammer 2009). Shelton (2007) notes the 
significant difference in space management used in the “houses,” which are 
largely LH IIIB, and utilize large artificial terraces to expand the available space, 
as contrasted with Petsas House which is built on and into the hillside. The 
absence of retaining walls for this earlier period of architecture allowed for 
erosion to continue uninhibited after the abandonment of the “house,” creating a 
sedimentary archive for the area to the immediate west of the citadel of Mycenae. 
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The Structure and Contribution of this Dissertation 
This dissertation begins with a discussion of previous studies into prehistoric 
erosion in Greece and the methods selected for analysis (Chapter 1). Chapter 2 
establishes the general study area, beginning with the geology and 
sedimentological history of the Argive Plain and moving to a re-assessment of 
the evidence for Late Bronze Age landscape change and its affect (or lack thereof) 
on settlement around the citadel of Tiryns. Chapter 3 shifts focus to the 
landscape surrounding Mycenae and the evidence for soil and channel 
management, as well as rapid change from the palatial collapse to the end of the 
Bronze Age and the unlikelihood that the change represented in the landscape 
was caused either by direct human action or natural forces. Chapters 4 and 5 
discuss the processes of natural sedimentation from the surrounding landscape 
(Chapter 4) and erosion from heavily-trafficked areas around the citadel 
(Chapter 5).  Chapter 6 focuses on the qualitative chemical analysis (XRF, FTIR) 
of the sediments from Mycenae, and the timing of the events with respect to 
landscape and climatic history in southern Greece. Chapter 7 will discusses 
archaeological and philological evidence the perceived stability of the landscape 
at the end of the Bronze Age and in the Early Iron Age. 
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While improved dating methods and an improved archaeological 
understanding of the areas exploited for agriculture are needed to better model 
the change and its relationship to human use (Weiberg 2014), the results of the 
following study demonstrate that the landscape in the Argolid at the end of the 
Bronze Age was less stable than previously proposed. This instability, while not 
the ultimate cause of the palatial collapse, appears to have shaped the settlement 
history of the Argive Plain. While the final abandonment of the Argive Plain, at 
Tiryns, seems to have been for reasons other than landscape, sudden change at 
the margin of the plain appears to have shaped the settlement trajectory of the 
Argolid during the Bronze Age-Iron Age transition. 
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CHAPTER 1: LANDSCAPE CHANGE IN GREECE, PREVIOUS STUDY AND 
METHODOLOGY 
 
So-called “natural” deposits, formed by wind, water, earthquakes, and 
other “natural” processes, represent both the result of human activities and a 
constraint on those activities (Jusseret 2010). As such, examination of these 
deposits can provide much-needed context for changes in site architecture and 
abandonment. A brief history of investigations into Late Bronze-Age landscape 
change in Greece is presented here to illustrate the current evidence for human-
driven landscape change as well as to demonstrate the issues of scale and 
chronology in determining the degree of anthropogenic landscape change during 
Greek prehistory. 
 
Erosion and Civilization in the Mediterranean: A Historical Note 
In 1864, American Ambassador to Italy, philologist and early conservationist 
George Perkins Marsh wrote in Man and Nature: Or, Physical Geography as modified 
by Human Action: 
When the forest is gone, the great reservoir of moisture stored up in its 
vegetable mould is evaporated, and returns only in deluges of rain to wash 
away the parched dust into which that mould has been converted. The well-
wooded and humid hills are turned to ridges of dry rock, which encumbers 
the low grounds and chokes the watercourses with its debris, and―except 
 20 
in countries favored with an equable distribution of rain through the season, 
and a moderate and regular inclination of surface― the whole earth, unless 
rescued by human art from the physical degradation to which it tends, 
becomes an assemblage of bald mountains, of barren, tuftless hills, and of 
swampy and malarious plains. There are parts of Asia Minor, of Northern 
Africa, of Greece, and even of Alpine Europe, where the operation of causes 
set in action by man has brought the face of the earth to a desolation almost 
as complete as that of the moon (1864: 42–43). 
 
Here, Marsh outlines a very specific sequence of events linking human use and 
occupation with eventual environmental degradation in Europe, specifically the 
circum-Mediterranean zone. It is of note that Marsh’s “moonscape,” of “bald 
mountains…tuftless hill…and malarious plains” can be used to describe many 
coastal plains in the Mediterranean, and is spot on when referring to the Argive 
Plain in the Argolid prefecture, home to the Bronze Age citadels of Midea, 
Mycenae, and Tiryns. 
Building on the concern with natural resources inspired by Malthus’s 1798 
Essay on the Principle of Population, Marsh reasoned that the key to the survival of 
humanity was not, as Malthus had emphasized, the suppression of population 
growth through “moral restraint, vice and misery” (1798: 61; Bowler 2003: 104–
105) but rather the careful management of natural resources. To Marsh, nature 
was a state of “harmony,” an un-changing equilibrium which could only be 
dislodged by humans, specifically those (rural populations) engaged in 
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traditional practices of agriculture and deforestation (Jacoby 2001: 13–15). 
Although his view of a static and monolithic “nature” may be overly simplistic, 
Marsh established the capacity of human occupation to generate erosion and 
landscape change, and provided some of the base mechanics which would form 
the foundation for later scientific investigation of the problem. 
While Marsh was inspired to pen Man and Nature by the observed 
“barrenness” of the Old World and the time depth of human disturbance which 
appeared to have caused it, his concerns, and those of the early conservation 
movement he inspired (Robertson 1967: xii), were mainly for the forests of the 
United States of America, it would not be until later that his “agents of 
disturbance” would be truly applied to Mediterranean soil studies. In 1969, Vita-
Finzi attempted to rectify the issue in The Mediterranean Valleys with his now 
largely superceded “Two Fills” hypothesis (FIG. 6A). In the Mediterranean, as 
argued by Vita-Finzi, soil stability with attendant stream-incision was the rule, 
with large-scale erosion only occurring in two periods. The “Older Fill,” which 
occurred during the Pleistocene, was viewed by Vita-Finzi to be the result of 
intense rainfall and cryoturbation, while the “Younger Fill,” he attributed to the 
decay of land-management infrastructure after the height of Roman cultivation. 
Although Vita-Finzi ascribed the general trend of slope loss to “climatic 
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deterioration,” a claim that was not supported by the dating of deposits or their 
geographic spread (Pope et al. 2003), his research drew attention to the 
importance of the relationship between vegetation, climate, tectonics and human 
disturbance in generating slope loss or incision (Vita-Finzi 1969:97). Vita-Finzi 
also noted that climatic cycles can result in landscape degradation without 
human disturbance, making it difficult to distinguish at times between 
Pleistocene change, which is unlikely to result from human disturbance, and 
Figure 6. Earlier models of erosion and deposition in Prehistoric Greece. A) Vita-Finzi’s “Two 
Fills” hypothesis, separating deposition in Mediterranean valleys into Pleistocene climate-
driven events (Older Fill) and Late Roman-through-modern events driven partially by human 
disturbance (Younger Fill); B) van Andel and Runnels’ (1987: fig. 11) reconstruction of slope loss 
and economic change in the southern Argolid.  In this model, developed to explain the timing 
of colluvial events in the region, instability results from a combination of factors, forestalled by 
vegetation rebound and human management techniques. Instability occurs when terraces 
collapse during a period of lessened vegetation cover, caused more often by changes in 
economic regime rather than outright abandonment. 
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Holocene change, which was a period of heightened human impact on the 
stability of the soil. 
 
Land Use and Erosion in Greece and the Argolid: Previous Study 
In the 1980’s and 1990’s investigations into the landscape histories of the Argolid 
began a new phase in the study of ancient human-environment impact (Bintliff 
2002, cf. van Andel and Runnels 1987; van Andel et al. 1986). Exploration in the 
Southern Argolid and the Argive Plain demonstrated discrete periods of 
alluviation and debris flow that appeared to coincide with events such as the onset 
of agriculture, or the first ard use in the area (cf. Sherratt 1983). The inferred 
relationship between these milestones in settlement history and increases in 
erosion led to the conclusion that: “every settlement disturbs the soil and the 
vegetation” (van Andel and Runnels 1987: 140). Van Andel and Runnels, however, 
take their assertion further, illustrating how, rather than simply eroding away 
when abandoned, terraces continue to retain soil until a change in vegetation, 
potentially brought about by economic change (van Andel and Runnels 1987)(fig. 
6b). The model presented by van Andel and Runnels (1987) demonstrates the 
necessity of understanding the effects of settlement at different times with due 
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allowance for cultural context and minute variations in environmental process 
which allow slopes to build capacity until failure and erosion.  
The progression of the debate on Mediterranean landscape change and 
human occupation, in the Aegean in particular, has been well addressed by 
Bintliff (2002) and will not be further expounded here. It is important to note 
that, while Bintliff attempts to divide the development of Holocene 
anthropogenic environmental degradation into six phases from Erosion in the 
Mediterranean Valleys to current scholarship, this progress is perhaps better 
described as a continuous transformation of the scale of inquiry. As our 
understanding of the causes of landscape change focuses on smaller and smaller 
interacting geographic scales, scope and extent of the causal systems increases: 
encompassing a growing field of natural and human processes and even multi-
generational systems of pre-adaptation (cf. Butzer 2008). This development is 
perhaps best characterized in the use of “concatenation” in both social and 
environmental history, where the impact of various recurring processes with 
different frequencies is “stacked” when those processes happen to occur 
contemporaneously or pene-contemporaneously (Butzer 2012). A significant 
point to be taken from the history of Holocene soil studies in Greece is that 
resources likely changed significantly during the Bronze Age and after (Zangger 
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1992b; contra Bintliff 1977a, 1977b). When viewed in the context of abandonment 
or socio-cultural collapse, soil degradation and climatic fluctuation can form a 
significant positive-feedback loop, where soils are preconditioned to erosion and 
subjected to reductions in bio-diversity which are in turn subject to declining 
qualities of management and administration, leading to continued loss of soil 
resources until equilibrium is reached (Butzer 2012). 
A more recent review article by Dusar and colleagues assesses the state of 
evidence for landscape change and its relationship to climate and human 
settlement and concluded, quite appropriately, that the current state of research 
into anthropogenic forcing is inadequate to make strong inferences for the 
Bronze Age (Dusar et al. 2011). They identify “scale effects,” as a key factor 
driving sediment dynamics, citing differences between catchments of varying 
size. Dusar and colleagues note that the processes of sediment dynamics are 
more transparent for smaller upland basins, although they also argue that 
colluvial dynamics in montane and slope deposits are likely to result in 
reworking that muddles stratigraphic sequences.  This particular effect can be 
read in the rates of detection of depositional events in larger alluvial plains vs. 
higher-altitude deposits such as upland alluvial fans and colluvial environments 
(cf. Pope et al. 2003). Any assessment of landscape stability must then 
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accommodate for variations between the plains and their margins, as well as the 
potential for discontinuous records at those margins. 
 
Landscape Management and Stability 
 Despite evidence for continued human-induced landscape change by 
Bronze Age settlement elsewhere in the Mediterranean (Constante et al. 2010),  
erosion and deposition seem to cease after the Early Bronze Age (Zangger 1993). 
In their first assessment of the condition of ancient slopes in Greece, van Andel 
and Runnels (1987: 140)), attributed the absence of any LHIII period of 
alluviation in the Southern Argolid to the existence of “soil conservation 
measures” (van Andel and Runnels 1987; Bintliff 1992, 2002). Thus, the deposits 
covering the extramural settlement at Tiryns were described as “flash floods” 
(Zangger 1994). To date, the flood deposits at Tiryns are the only securely dated 
“erosional event” marking the Late Helladic in the Argolid (Weiberg et al. 2016), 
and there origins are uncertain, although they have been attributed both to 
earthquakes and deforestation. 
Terraces are frequently cited as the reason why alluviation has not been 
recorded for the Late Bronze Age, despite an increase in population and 
agricultural activity.  Current limited evidence, however, suggests that these 
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techniques were not used extensively. Rather, the current record of Late Helladic 
land management technologies is sporadic, boasting two large scale “public 
works” projects, the poulder system at Glas in Boeotia and the dam and stream 
diversion at Tiryns in the Argolid (Figure 1), but only two acknowledged terrace 
systems: at Korphos-Kalamianos on the Saronic Gulf and at Mycenae (FIG. 1). A 
third “public work,” the artificial harbor at Pylos, was suggested by Zangger 
during the Pylos Regional Archaeological Project (PRAP), but is not well dated 
or completely understood. While these projects, and their implications for the 
Mycenaean understanding of the physical landscape, they are mentioned here to 
show the underwhelming state of evidence for wide-scale Mycenaean “soil 
conservation measures.” 
The LH IIB drainage in the Copais basin (Andre Kenny 1935, Kalcyk et al. 
1986, Iakovides 1998), has been suggested as an attempt at curbing the 
“agricultural catastrophe” resulting from a combination of climatic change and 
over-population and over-intensification in the early years of the Late Bronze 
Age (Iakovides 1998, Maggidis 2009). Similarly, the Tiryns dam and the “flushing 
channel” in the Pylian harbor system have both been interpreted as 
“reactionary,” that is, responding to circumstances without significant 
forethought (Zangger 1994, Davis et al. 1998). Although still ambiguous, the 
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evidence for land and water management systems reflects an understanding of 
local hydrological regimes (such as the seasonal draining likely to have 
happened naturally in the Kopais polje) in the Late Helladic. 
 
Climate and Human Interaction 
Severe climate change, particularly with respect to localized rainfall variation 
(Carpenter 1966), has long been considered a sculpting force in the development 
and decline of Aegean civilization (Wiman and Faegersten 1998; Moody 2005; 
Tsonis et al. 2010). Recent assessments suggest that the end of the Aegean Bronze 
Age may have been accompanied by an increase in aridity (Bryson et al. 1974, 
Donley 1971; Lamb 1968, Moody 2005 contra Dickinson 1974).  Snodgrass (1980) 
suggests that the collapse of the palatial culture is associated with depopulation 
observed between 1200 and 11 B.C. This timing, as noted by Morris (2006), 
corresponds loosely to a shift to cooler, wetter, sub-Atlantic climate circa 900 BC. 
In the recent decade, advances have been made in paleoenvironmental 
reconstruction using pollen cores, marine archives, lake sediments, and 
speleothems. These archives, particularly sedimentary ones, are site specific, 
with individual variations in preservation, time resolution, and completeness of 
record (Fuchs 2007).  
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In order to understand the relative effects of climate and settlement on 
landscape transformation, attention has necessarily been paid to all possible 
records of environmental change along with the acknowledgement of the 
shortcomings in the record of rainfall and seasonality for the Bronze Age Aegean 
(Shiel 1999, Zangger 1991, Dincauze 2000). While Local variations to valley fills 
within Southern Argolid catchments, or the Etoliko Lagoon in Western Greece 
(Haenssler 2012) point to an origin in human interference rather than climate 
(van Andel and Runnels 1987), full comparison of alluvial and archaeological 
records in multiple regions of southern Greece, places importance on the nature 
of vegetative cover and its response to both climate and settlement processes 
(Pope et al. 2003, Moody 2000).  There is, however, a strong coincidence with 
settlement and land-use patterns. Butzer (2005), like Fuchs, attempts to assemble 
all available data on sediment dynamics and climate and concludes, though 
acknowledging the likelihood of multi-causal events, that clearing and settlement 
have played a large role in Mediterranean landscape degradation. 
 
Geoarchaeology and Landscape Change: Problems of Process and Scale 
Problems of scale and causation in alluvial history 
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Sedimentary histories are frequently fraught with ambiguity and equifinality: the 
end-result of any series of environmental events can frequently produce results 
that are indistinguishable from the results of any other environmental sequence. 
This  problem may be seen as one of scale, with traditional grain-size, and macro-
morphological studies often being ill-resolved for classifying conditions within 
drainages where sediment supply are so limited as to obscure differences across 
time. The problem is also one of topography, with lateral differences in 
accumulation and erosion (i.e. rill formation, channel scour, solifluction), 
resulting in difficulties in dating Late Holocene sedimentary histories and 
comparing even those sites in proximity of each other.  
Time scales in fluvial morphology roughly correlate with spatial scales, in 
that the overall morphology is the result of the longue durée, while smaller-scale 
features and topography reflect shorter-term fluvial histories (Harvey 1977: 312). 
Thornes (1977: 323) warns that the history preserved in fluvial channels is subject 
to scour and colluviation, meaning that the history is not only more recent, but 
inherently a palimpsest. The more post-Bronze Age accumulations at Tiryns, 
fortunately, are adjacent to the channel, unlike the underlying fluvio-torrential 
sediments, which preserve moderately mobile channel fills (Zangger 1994: 
figures 5 and 6). Such an overbank environment near base level would not be 
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subject to net erosion, and would result in deposits without clear erosional 
contacts (see above). 
The effect of rainfall on runoff, discharge, and sediment load is enhanced 
in regions where rainfall is inconsistent in terms of space, time, and intensity. 
Thornes (1977:323) notes the influence of intermittent and geographically 
concentrated events (See Butzer 2005 concerning Extraordinary Precipitation 
Events). Stream power, defined as the energy present in the channel bed 
available for overcoming friction (McEwen 1994) is a deciding factor in the 
impact of the flood wave on sedimentary dynamics. This effect is magnified 
when decreased vegetation and plant debris leave soils exposed to erosion. 
 
Late Bronze Age degradation in the Argolid: The “floods” at Chania:  
The discovery of Chania in the “plain of Mycenae” (Palailogou 2013, 2014, 2015) 
marked an important advancement in the understanding of settlement and 
landscape change in the LH III C Argive landscape (FIG. 7A). Chania, a small 
hamlet of 5.5 stremmata 3 km south of the Mycenae on the M7 ancient road in 
between Derveni-Kefissos and the Gounia, the southward extension of the 
Khonia, which originates at the mouth of the Chavos. Here, an LH IIIB corridor 
house was discovered, with a large ceramic assemblage attesting to a large rural 
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household (Palaiologou 2015) Pithoi, storage amphorae and hydriae attest to a 
concern with the storage of agricultural produce and water (Palaiologou 2014). 
Figure 7. The Late Helladic Settlement at Chania; A) Architectural plan of the main LH III B building, 
before the earthquake (adapted from Palaiologou 2014: fig. 2); B) LH III C tumulus, the largest in the 
region, which was abandoned only partially used as a result of the flood; C) Illustrated section of the 
Chania settlement, showing the depth of the red mud flood sediments (dark gray) which buried the 
building and the tumulus (from Palaiologou 2014). 
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The settlement appears to have been destroyed in a fire at the end of LH IIIB 2, 
although slight damage, such as the cracking of a large conglomerate threshold 
suggests that the cause of the destruction was an earthquake. Special concern for 
stabilizing the threshold, as well as the external buttressing of external walls, also 
support an earthquake as the ultimate cause of the fire. 
 After the fire, the building was abandoned, however a tumulus 
constructed in LHIIC (FIG. 7B), using material salvaged from the destroyed 
settlement. The tumulus, only partly used, was buried by red gravelly muds in 
LH IIIC Late (Palaiologou 2015) (FIG. 7C). The same muds covered the LH III B 
building to an approximate depth of 0.75 m (Palaiologou 2014). The area appears 
to have remained abandoned until the late 8th century. The discovery of flooding 
at Chania is significant as it represents the first geological evidence of unstable 
conditions in the Argolid during the Late Bronze Age. Secondly, Palaiologou’s 
assessment provides some chronological parameters for the deposition of the 
“flood”: a supposed LH IIIB earthquake, and the burial of a LH IIIC tumulus, 
suggesting as many as two centuries separating the earthquake and the 
deposition of muddy gravels. This distinction alone suggests that the earthquake 
was not the proximate cause of the preserved flows at Chania, where even the 
destruction from the LH IIIB earthquake was faint and supports Palaiologou’s 
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assertion (Based on J. Moody’s observations) that the post-palatial settlements in 
this Argive plain were subject to climatic perturbations, at the very least that 
landscape instability went beyond observed seismic events at the citadel of 
Mycenae. This period of instability, Palaologou’s “great flood of Chania,” which 
was not uncovered by Zangger’s alluvial investigations, is apparent in sediments 
from the Lower Town of Mycenae, suggesting that this event did not only affect 
Chania, but rather represents the LH IIIC conditions in the northern Argive 
Plain. 
 
Challenges for Research: Upland Colluvial Sequences 
A key challenge in describing and characterizing the deposits at Mycenae 
has been the dry upland environment in which the sediments were deposited. 
The sediments described below, from Mycenae and Tiryns in the Argolid region 
of Greece, were originally classified by excavators as “colluvial,” having no 
bedding or structural features that allowed any further initial interpretation by 
archaeologists. The sediments from the Lower Town of Mycenae (described in 
full in Chapters 4 and 5) fall loosely into two categories: weakly bedded muddy 
deposits with infrequent gravel inclusions, and chaotic muddy gravels 
preserving discontinuous lines of aligned and imbricated fine through medium 
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gravels with concentrations of cobbles. These sediments, which are dark red in 
color, preserve weak reverse grading and “galaxy” structure, wherein clasts are 
arranged in arcs, occasionally around a central clast (Phillips 2006). The 
identification of these two features in the red muddy gravels from the Lower 
Town of Mycenae allowed researchers to classify these sediments as debris flows 
or, more specifically, hyper-concentrated flows (P. Karakanas, pers. comm. 2013). 
The sediments presented in this study are broadly classified under the 
umbrella of “subaerial sediment-water flows” per the definition in Germain and 
Ouellet (2013): “flow of sediment-water mixtures under the action of gravity […] 
situated between flow of clear running water on one end and flows where air acts 
as the fluid component on the other end” (813-814). There is a large potential for 
variation in viscosity and variation of transport processes within subaerial 
sediment-water flows results in strong lateral variation. Certain processes, 
however, leave a characteristic suite of microstructures as a result of transport and 
friction with the underlying surface: pressure shadows, folds, laminations, shears, 
faults, water escape structures and rotational structures (Phillips 2006), while large 
clast buoyancy generated by turbidity and alignment of clasts along the surface 
and direction of flow. Microstructures generated by permeability of gravels and 
the deformation of the clay-silt matrix, where applicable, allow researchers to 
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distinguish the level of cohesion in the flow, and therefore the way in which the 
sediments moved downslope (Bertran and Texier 1999). The characterization of 
the various forces present within subaerial sediment-water flows must, therefore, 
rely on microscopic means in order to identify the interaction between sediment 
flow events and to characterize the viscosity and depth of each flow. Debris flows 
and hyperconcentrated flows, defined as sediment flows where the transport 
Figure 8. Flow chart of the methods used in this study. Photographs and scans of the archaeological sections, 
sample blocks, and slides, provided the basis for digital analysis of grain size and orientation for clasts too 
large to be adequately assessed by laboratory methods. Sections were then sampled in parallel for 
micromorphology (intact blocks) and bulk analyses (grain size and spectral analyses).  These results were 
interpreted within the published and observed landscape history of the Argive Plain and the mountain slopes 
along its edge. 
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medium is more sediment than water, are a function of the availability of loose 
parent material, local relief, precipitation, vegetation, and the degree of human 
interference (Hungr 2005). As such, understanding the origins of these flows and 
variations in composition over time is a necessary component of linking 
sedimentary dynamics with environmental conditions and the degree of human 
impact.  
 
Methods 
For this study, a robust strategy of sampling was employed, incorporating 
micromorphology, X-ray Fluorescence, X-ray and Optical Granulometry, and 
Fourier Transform Infrared Spectrometry/Microscopy were employed to 
characterize sediments from Mycenae and Tiryns (FIGURE 8). While 
micromorphology was deployed at all study sites (Petsas House and Lower 
Town at Mycenae, and the Northwest Town at Tiryns), due to permitting issues, 
bulk analysis techniques (FTIR, pXRF, and grain-size analysis) were restricted to 
the Mycenae sites.  
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Micromorphology 
Archaeological Thin-Section Soil Micromorphology, henceforth 
micromorphology, is the study of the arrangement of particles and fine matrix 
soils and sediments on the microscopic scale via petrographic microscope. Blocks 
of earth are stabilized in the archaeological section, often by means of Kubiena 
tins or plaster bandages, and consolidated using polyester or epoxy resin. The 
resulting blocks are cut into thick sections which are further trimmed to “chips,” 
or small blocks the dimensions of the intended slide size. The chips are mounted 
to slides, cut to 50 microns and then polished to a thickness of approximately 35 
microns for optimal resolution and transparency. Analysis, conducted at 
magnifications between 1x and 500x, allows the recording of the distribution of 
coarser clasts, the size and shape of pore space, and the presence and degree of 
formation for soil features such as coatings and nodules of calcium carbonate and 
oxides. The characteristics of each fabric observed indicate the mechanisms by 
which the sediments were transported and the forces which acted upon the 
sediments after their deposition (Courty et al. 1989), allowing the reconstruction 
of context (Goldberg and Berna 2010).  In cases where transport processes are 
unclear, micromorphology is often the best option for detecting evidence of 
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transport regimes (Karkanas 2008: 65) as well as human alteration and input into 
alluvial landscapes (Van der Meer and Menzies 2011). 
The micromorphological interpretation of soils and sediments in recent 
publications on Greek prehistory has provided indicators of both human activity 
(Chamber Tombs; Karkanas et al., 2012) and their interaction with environmental 
processes (Dispilio, Karkanas et al.; 2011). At Amorgos, French and Whitelaw 
(1999) demonstrate the efficacy of micromorphology in detecting minute events 
in land-use histories and site formation from the Bronze Age onward. Although 
micromorphology has been increasingly integrated with archaeological field 
methods for other regions and time periods, its incorporation in Classical and 
Bronze Age Greek archaeology is still, at best, post hoc in most large-scale 
investigations. The use of micromorphology is most frequent for prehistoric 
(Palaeolithic and Neolithic) sites, but has more recently been applied to sites for 
the Bronze Age and later particularly to aid in the understanding of pyrotechnics 
and site destruction and abandonment. To date, the most extensive use of 
micromorphological analysis on a Bronze Age site in Greece is at Mitrou, where 
identification of changes in floor construction over centuries of use led Karkanas 
and Van de Moortel to infer changes in cultural practices (Karkanas and Van de 
Moortel 2014). Further micromorphological investigations are needed to 
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augment the current records and elucidate the high resolution environmental 
and anthropogenic events that initiate change and comprise the 
geoarchaeological record (Courty, 2001; Courty et al., 1989). The influx of 
micromorphological research on Greek sites, although relatively recent, promises 
to generate a robust body of data for the identification of natural and 
anthropogenic changes at sites and in the landscape at large. 
 
SAMPLING AND PROCESSING 
A total of 51 monoliths were taken from three excavation sites: Petsas House and 
the Lower Town at Mycenae, and the Lower Town at Tiryns; permission to 
sample at Chania Argolida was unavailable. After transportation to the Malcolm 
H. Wiener Laboratory for Archaeological Science at the American School of 
Classical Studies at Athens, the blocks were impregnated in a solution of styrene 
monomer and promoted polyester resin (ratio 7:3), using MEKP as a catalyzer, 
they were left to dry for two weeks. After air-drying, the blocks were cut into 
“thick sections” representing the full height and width of the blocks. These 
sections were scanned with an Epson 2600 flatbed scanner at 600 dpi using 
different strategies. For the nine samples from Tiryns, slices were made through 
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the samples in one direction, parallel to the original excavated section and 
scanned as described above. For samples from the around Mycenae blocks were 
systematically sliced and scanned along two axes, parallel and perpendicular to 
the excavated section. Area of interest, where changes in composition of grain 
orientation were observed, were targeted and cut into chips with dimensions of 
either 25x50 mm or 50x75mm. These chips were then used to manufacture 181 
slides. The slides were described according to the terms adumbrated by Stoops 
(2003). The results of this analysis are presented in Chapters 5 and 6. 
 
Optical and X-Ray Granulometry 
Granulometric methods were targeted on confirming the likely transport 
mechanisms of the deposits and to detect relative fluctuations in transport style 
and energy that might aid in establishing the contemporaneity (or lack thereof) 
of the deposits in question when absolute dating might prove ineffectual. 
The scans of the thick sections (slabs) were inputted into JMicrovision 
(Roduit 2007), an image analysis suite geared toward micromorphological 
analysis, delineated as objects for the purposes of geometric analysis. The clasts 
were then classified by elongation, angle of orientation, size, and angularity. 
Histograms were generated for the gravels based on elongation and eccentricity 
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in order to distinguishing separate sources of gravel. Each mode within the 
distribution analysis was taken to represent a separate source of gravel with a 
characteristic shape. Comparison of orientation and sphericity histograms was 
intended to aid in distinguishing between possible sources even over short 
distances. 
For traditional granulometry, the samples were gently disaggregated (via 
mortar and pestle) at the M. H. Wiener Laboratory and separated with a 2mm 
sieve into gravel and sand/mud fractions. The sand/mud fraction for each sample 
was then transported to the Hellenic Center for Marine Research (HCMR) for X-
ray granulometry, the Fitch Laboratory of the British School in Athens for X-Ray 
Fluorescence, and the Boston University Microstratigraphy Laboratory for FTIR 
Analysis.  Gravel fractions for each sample from the Lower Town and Petsas 
House were sorted by hand and separated by size and composition (quartz, 
chert, pottery). Each sample was additionally classified by angularity and 
sphericity. The results of granulometric analyses are presented in Chapters 5 and 
6. 
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Chemistry and Environment: Carbonate formation and Spectral Analyses (Mycenae 
Lower Town and Petsas House) 
MINERALOGICAL ANALYSIS: FOURIER TRANSFORM INFRARED SPECTROMETRY 
Fourier Transform Infrared Spectroscopy (FTIR), which measures the 
wavelengths of energy absorbed by the molecular bonds within the material 
analyzed, has proven particularly useful in measuring changes in clay minerals 
(Berna et al. 2007; Maldejová 2003) and carbonate minerals. Calcium carbonate 
coatings on medium gravels at the Lower Town of Mycenae were collected and 
mapped in the profile using a Trimble S6 Total Station. Select pebbles, which 
appeared to exhibit the best-developed coatings, were encased in resin and thin-
sectioned for micromorphological analysis. 
For FTIR, samples less than 1 mg were pulverized under a heat lamp and 
combined with KBr in a ratio of approximately 1:100. The samples were 
compressed into pellets and analyzed with a Thermo-Fisher Nexus E.S.P. 
Infrared Spectrometer. The resulting spectra were compared against heating 
thresholds established by Berna and colleagues (2007). Thin sections were 
subjected to Fourier Transform Infrared μTransmission (μTransmission) in order 
to describe mineralogical differences between microstratigraphic units, 
particularly the dissolution and recrystallization of CaCO3 in the soil column. 
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ELEMENTAL ANALYSIS: X-RAY FLUORESCENCE 
Disaggregated samples from the Lower Town of Mycenae were subjected to XRF 
analysis, calibrated to detect the presence of Si, K, Ca, Ti, Mn, Fe, Zn, Rb, Sr, and 
Zr following the paleoenvironmental analysis conducted on lake sediments from 
Stymphalia in the northeast Peloponnese (Heymann et al 2013). For further 
confirmation of spectral results, samples at the Boston University 
Microstratigraphy Laboratory were subjected to Portable X-Ray Fluorescence 
using the protocol established by Justin Holcomb (2014). This method was used 
as complete XRF sampling on the 100 arbitrary 5 cm bulk sample passes was too 
costly, and calibration of the P-XRF to the WDXRF result from the Fitch 
laboratory allowed for full soil columns to be analyzed at a fraction of the cost. 
The results of FTIR and XRF analysis are reported in Chapter 7. 
 
Absolute dating: Optically Stimulated Luminescence 
OSL was conducted at the Lower Town of Mycenae in the Summer of 2014 by 
Dr. Nikos Zacharias of the University of the Peloponnesos, Kalamata and are 
presented in Chapters 5 and 6. Optically stimulated luminescence (OSL) was 
chosen for the sediments at the Lower Town in the absence of adequate charcoal 
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samples for carbon dating. While useful in understanding the sedimentary 
history over long periods of time, the margin of error in OSL analysis has often 
presented a problem for Holocene sites. For Bronze Age sites, where cultural 
periods are often a century or more, the OSL error rate is approximately ±150 
years, meaning a total error of 300 years. OSL was chosen for this study for two 
reasons: the absence of in situ charcoal evidence for dating, and the potential of 
the method to uncover landscape histories from re-deposited sediment. The 
nature of the “bleaching” process suggests that, in cases where sediment is 
subject to mass movement, rather than incremental erosion and deposition, OSL 
analysis will provide an “old” date (i.e. the date of a previous episode of 
deposition). With this in mind, the dates reported are interpreted as representing 
previous episodes of slope loss, an important asset in an upland environment 
prone to net erosion, where not all events may necessarily be represented in the 
current landforms. 
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CHAPTER 2: LATE HOLOCENE SEDIMENTATION IN THE ARGIVE PLAIN: 
CHANGES IN STABILITY AT TIRYNS, NORTHWEST TOWN 
 
Introduction 
An ideal location for erosion studies (Fouache 1999), the Argive Plain is also ideal 
for settlement and cultivation: It is a uniquely isolated environment, separated 
by mountains that also serve to orient the arable land toward prevailing winds, 
and which is fed with fine alluvial sediments (Zangger 1994: 189). Although the  
Argive Plain is presumed to have been stable for the past 5000 years (Zangger 
1994), it appears to have experienced a short period of accumulation at the end of 
the Bronze Age which buried the town of Tiryns after its burial during the LH III 
C Period. Micromorphological analysis suggests that mud flows continued in the 
area at this point in time, although to a lessened degree thanks to the 
construction of a diversionary dam to curb flooding during LH III B.  
 
Geology of the Argive Plain with special reference to Tiryns 
The Argive Plain is a graben resulting from the confluence of several substantial 
faults (Zangger 1993: 6; Angelier 1978; Dewey and Sengor 1979; Le Pichon and 
Angelier 1981). Although the major tectonism that generated the horst and 
graben system occurred in the Pliocene and early Pleistocene, some scholars 
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suggest that these faults are still active (Schroeder and Kelletat 1976, van Andel 
et al. 1990, Maroukian et al. 1996). The Pindos zone, which constitutes the 
western part of the Argolid, comprises Cretaceous limestone, Jurassic chert and 
Middle Triassic limestone, flysch, marl, and diabase (Bannert and Bender 1968). 
The eastern half, which comprises the Pelagonian platform, consists of shallow 
water facies terminating in Cretaceous limestone (Zangger 1993: 8). The plain, 
defined as the region within the 1167 km2 drainage falling beneath 100 meters 
above sea level (masl)(Zangger 1993), is ringed by mountain ranges 400 to 700 
masl.  
The Argive Plain is best described as a disequilibrium cut-and-fill 
floodplain (Nanson and Croke 1992: Suborder A4), characterized by a flat 
floodplain with mostly straight, non-mobile channels. As is common in the 
Mediterranean (Arab et al. 2004), the watercourses are mostly temporary (FIG. 9). 
Of the three major watercourses in the plain, two, the Manessi and the Inakhos, 
are ephemeral, with flow ceasing completely during the dry months and no 
standing water (cf. Argyroudi et al. 2009). Overbank ridges and a general 
absence of extant paleochannels suggest relative channel stability (Zanger 1993: 
18). The only perennial watercourse, the Erasinos emerges from the karst at 
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Kephalari (a Paleolithic cave site; see Stiner et al. 2011) on the western edge of the 
plain and has little to no suspended load.  
The horst-and-graben geomorphology of the region affects the erodibility 
of the slopes and plain; the mountains that ring the plain have an average slope 
of 30% and an average maximum slope of c. 60%. The geology, topography and 
hydrology of the plain lends itself to frequent events of erosion and torrential 
deposition in the marginal fans, and as such is an ideal region for the study of 
climate fluctuation and its impact on erosion and transport (Fouache 1999: 172). 
The whole valley is characterized by relatively infrequent yet high-energy flow 
caused primarily by winter rains which results in frequent bank slope erosion in 
the higher-elevation, lower order channels. In the major study of the area, 
Zangger (1993:17) recorded that the center of the plain is filled with torrential 
gravels and sandy overbank sediments while the perimeter of the plain is 
dominated by localized debris and grain flows, which are limited to channels 
incised into the fans. A history of torrential flash floods is reflected in the general 
sedimentology of the plain: coarse-grained and unsorted lenses in the northern 
reaches with fine deposits in the southern, lower-grade, reaches (Fouache 1999: 
172).  
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Figure 9. Schematic Map of the Argive Plain, showing bedrock, alluvial deposits, and 
water courses; A) Erasinos; B) Xerias; C) Inakhos; The archaeological sites, represented by 
letters, are: D) Manessi. I) Mycenae; II) Chania; III) Tiryns. The northern branch of the 
Manessi represents its course during the Bronze Age, when the coast was close to the site 
of Tiryns. The southern branch represents the diversion and artificial capture generated 
by the Late Helladic dam (see below). The study site is located to the immediate northwest 
of the citadel of Tiryns (III), where the watercourse of the Manessi runs in the map, after 
Zangger 1993. 
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Previous Research: Landscape Change in the Argive Plain 
The current state of research in the Argolid has not advanced much beyond the 
alluvial history published by Zangger (aka Finke) in 1993 following his 
dissertation (Finke 1988), which recorded the Early Helladic alluviation series as 
well as the “torrential” deposits around Tiryns. The large volumes of alluvium 
deposited while significant, is strongly explained by the “Secondary Products 
Revolution” (Sherratt 1983) and its effects on soil stability through deforestation 
through deforestation and overgrazing, this explanation that does not preclude 
potential climatic perturbation during the same period. The instability and 
Figure 10. Sequence of flood deposits in the Argive Plain near Tiryns. Inset (from Zangger 1994) shows the 
location of the cores (A–E) southwest of the citadel of Tiryns. The general contour of the landscape, resulting 
from alluvial accumulations dating from the Neolithic through the Early Helladic. It is this building-up of the 
plain which may have resulted in a period of channel migration during LH III B. The lateral movement of the 
fan over time can be read in the dating of the deposits, where the western portions of the fan are composed 
primarily of Neolithic and Late Bronze Age sediments. The depression to the east formed by the contour of 
the fan formed the new bed for the Manessi, and was later filled with stagnant water deposits after the Roman 
period. Adapted from Zangger 1993. 
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alluviation also co-occur with a transgressive maximum circa 2500 B.C. (van 
Andel et al. 1990) which may have reduced in-channel velocity and, in all  
likelihood, led to increased alluviation and stream avulsion (see Allen 1977, for a 
discussion of alluvial changes and their mechanics). The eastern portion of the 
 
plain, near Nafplio (FIG. 2) has remained stable throughout the Holocene, with no 
observable subsidence. The central and eastern plains, however, subside at 10–15 
cm/ka and 50 cm/ka respectively (Finke 1988), while long-term rates fall within 
25 cm/ka (Schröder and Kelletat 1976, van Andel et al. 1990). Though its impact 
on alluviation has not been extensively studied for this region, tectonism and 
seismicity have certainly played a role. Fault activation and concomitant 
hydrological change have been observed in the vicinity of Mycenae, where 
seismic disturbance appears to have been responsible for the genesis of the 
Chavos Ravine, and later for the diversion of the Longaki channel (see Chapter 4; 
Maroukian et al. 1996). Van Andel and colleagues added the observation that 
sediment availability would have increased for periods of agricultural expansion 
during the Early and Late Bronze Age (van Andel et al. 1990, Finke 1988). In 
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.short, cycles of slope loss and alluvial accumulation in the Argolid are the result 
of a complex interaction between climate, tectonics, and human occupation.  
 
The “Flash Flood” and Dam at Tiryns 
In LH III B/C, the Manessi avulsed and, instead of flowing south of the citadel as 
it had since the Neolithic, it flowed north, burying the town under 4.8 m of 
massive alluvial sands (Zangger 1994). Approximately 2 km north of the citadel 
FIGure 11. North-south cross section adjacent to the citadel of Tiryns (adapted from Zangger 1993), in the 
vicinity of the Town of Tiryns. Here, the LH III B “flash flood” sediments are visible, being concentrated in 
the area northeast, north, and northwest of the citadel. As Zangger observed, the stream channel to the 
north of the citadel remained active, if to a lesser extent, after the Late Bronze Age. The recently uncovered 
stratigraphy of the northwest town (see below) suggest that the designation of the “artificial fill,” which 
Zangger claims is the spoil from modern archaeological excavations, is partly incorrect, as some of this 
final stratum appears to be  deposited after LH III C, but before Iron-Age re-occupation. 
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of Tiryns, a 10 m high earthen-bank dam was constructed to reroute the Manessi 
into an artificially dug canal that guided the stream into the Megalo Rema, to the 
South of the town of Tiryns. Zangger goes on to illustrate the “sudden” cessation 
of alluviation in the area, noting that the total accumulation in the area of the 
citadel (as elsewhere in the Argolid) since the Bronze Age has been less than 1 m 
total. 
While the structure itself has not been excavated, and is therefore 
technically undated, Zangger’s environmental history demonstrates that the 
dam’s date of construction is Mycenaean, as was initially hypothesized by Balcer 
(1977). Zangger (1994) suggests a mere 50 years or less, at a rate of approximately 
10 cm per year, further positing that such a drastic change in sediment could 
have been caused by an earthquake, an event also proposed by Kilian (1981) as 
cause for the destruction on the acropolis in LH IIIB, or by the aggradation of the 
local alluvial fan, which forced the stream into a depression further north. 
(Zangger 1993, 1994) (FIG. 10).Maran (2004), on the other hand, prefers to 
reconstruct the flooding as an intermittent problem, rather than a sudden 
avulsion. The diversionary system of the dam and the canal, in Maran’s 
hypothesis, constitute the earliest phase of a reconstruction that ended with the 
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partial construction of the north gate, which was interrupted by the 
“catastrophe” in LH III C.  
Maran’s interpretation is based upon the careful reinterpretation of the 
structure and positioning of the flood deposits, which were first described by 
Kilian (1976). While Zangger himself admitted the possibility that these 
sediments were not deposited in a single event, an admission which was 
overlooked when the “flash flood hypothesis”(FIG. 11) entered the greater 
literature, Maran emphasizes that the “interspersed sands and gravels” are 
essentially restricted to the area north of the citadel, and that the alternation of 
sand and gravels reflects a period of intermittent alluviation and channel 
migration (Maran 2004, Maran and Papadimitriou 2006, Maran 2009). The 
rebuilding of the northern Lower Town occurs immediately at the beginning of 
LH III C, confirming the construction of the dam at the LH III B/C transition, 
earlier than Zangger, who placed the “flood” at this point in time (Maran 2010, 
contra Zangger 1993, 1994). Recent excavations by the Deutsches Archaologische 
Institut under the direction of Drs. Joseph Maran and Alkistis Papadimitriou 
(2013-2015), have uncovered, 10 to 15 cm beneath the modern surface, Early Iron 
Age surfaces overlying 40 cm of massive alluvial sands which cover LH III C 
occupation levels (Maran and Papadimitriou 2017). This, and historical period 
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alluvial sands from East of the citadel (Maran, personal communication), suggest 
that sediments coming from the slopes northeast of Profitis Elias were not the 
only problem, and that the initial alluviation was not entirely caused by a single 
event such as an earthquake or agricultural expansion.  
Zangger (1993: 82) noted that the deposits at Tiryns lacked internal 
stratification, a characteristic that led him to label these 5 m of deposits as a 
single “catastrophic” event, which he dubbed “the flash flood.” While Zangger’s 
work in the Argolid led to the (more) secure dating of the Tiryns Dam, the 
diagnosis of the “flash flood” persisted in interpretations, and has yet to be fully 
disproved by systematic geoarchaeological investigation. Another key element of 
Zangger’s diagnosis is the proposed cause of this event: deforestation. Zangger 
hypothesized that the sediment load for the flood deposit(s) was provided by 
landslides from the surrounding slopes, Zangger further proposes that this 
event, dated to the same period (LH IIIB) as the destruction and collapse of the 
palaces, led to a further attribution of earthquake as the catalyst for landscape 
change (Zangger 1994). 
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“CATASTROPHIC ALLUVIATION” AT TIRYNS, LH III B/C 
The chief “anomaly” in sedimentary history in the Argolid (if not in the entirety 
of the Peloponnese), therefore, is the so-called “flash flood” at Tiryns (Zangger 
1994). At some point (see below) in LH III, likely before the LH IIIB/C transition, 
relatively sudden accumulation of sands and gravels (fluvio-torrential facies) 
over the northern settlement of Tiryns buried the site within a century to a depth 
of over 2 m within a century (FIG. 12). While the precise timing of this event is the 
subject of debate (Zangger 1993, 1994; contra Maran 2010) several facts may be 
deduced from the sequence of events, namely: the general sedimentary regime in 
the plain at the time, the level of environmental awareness on the part of the 
Tirynthians, and the connection to place expressed in the extraordinary 
technological response. 
We do not yet have at our disposal significant evidence for the general 
rainfall frequency, or other factors generating increased sediment load which 
would indicate whether the environment was pre-adapted for catastrophic 
alluviation or that floodwaters were particularly strong (Fouache, 1999) although 
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there may be a tenuous connection with environmental conditions caused by the 
Hekla 3 eruption in 1159 B.C. (Zangger 1994; Kuniholm 1990). In the Southeastern 
Town excavations have encountered houses dating to the LH IIIB, IIIA, and Early 
Mycenaean periods (Maran 2010: 243). Excavations north of the citadel have 
encountered thick stream deposits, but these have the character of sequential 
Figure 12. Map of the environs of Tiryns, adapted from Zangger 1994, showing the extent of settlement and 
sedimentation. MH settlement, during the period of the "rundbau" was concentrated to the south of the citadel 
(A) along the then Manessi channel (1). After settlement expanded in the LH (B), an avulsion of the Manessi 
(2) resulted in large scale torrential deposits covering the LH settlement (C), likely during LH III B. In 
response, a large earthen-bank dam (3) and artificial channel (4) were constructed to reroute flow to a lesser 
stream channel (5). The settlement was re-established, although to a lesser extent, in the LH IIIC period, after 
the palatial collapse (D). The study site is to the immediate northwest of the citadel of Tiryns. 
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stream migration and overbank floods rather  a single event (Maran 2004, 2010: 
243; Kilian 1978, 449‒457). In fact, as Maran (2010: 243) points out, Zangger 
himself (Zangger 1994: 210) acknowledged that the evidence does not point 
unequivocally toward a single flood, but rather that the duration of flooding had 
to be a century or less, although he seems to have preferred the explanation of a 
single “catastrophic” event (Zangger 1994: 201). 
 Concerning the dating of the event and its relationship to settlement 
activities, there has been much speculation. Initial researches (Verdelis 1963; 
Slenczka 1975) dated the construction of the Tiryns dam to the Early Helladic II 
period, associating the deep EH alluvial deposits around the citadel with the 
construction of the dam. A more secure relative sequence was created by Kilian 
(1978) who ascertained that the northern Lower Town would only have been 
built after the construction of the dam and cessation of LH flooding (FIG. 3). The 
first solid date was proposed by Zangger (1994) with the assistance of K. Kilian 
and E. French: around the LH IIIB/C transition. Maran (2010) advocates an earlier 
date wholly within LH III B, stating that the dam, being a large labor-intensive 
project, must have been constructed while the palatial system was still 
functioning during LH III B. Support for continued and long-term management 
of the alluvial landscape may be argued from the existence of an artificial 
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embankment protecting the EH settlement 150 m south of the citadel (Konsola 
1984, Weiberg 2014: 38‒39). 
 
CATASTROPHE OR PROCESS? 
Ephemeral streams in the Mediterranean are prone so sudden and violent floods 
(Camarasa Belmonte et al. 2001), and prehistoric inhabitants of the Argive Plain 
certainly interacted with events of varying strength for thousands of years. 
Although debated in terms of timing and causation the Late Helladic Localized 
Alluviation (henceforth LHLA) at Tiryns may first and foremost be attributed to 
a stream avulsion in the region north of the citadel of Tiryns, resulting in channel 
deposits and the overbank accumulation of sands and gravel over a portion of 
the Late Helladic settlement. This sudden change may be the result of one or of a 
combination of several factors: tectonic instability, vegetation change, slope 
exploitation, and spontaneous avulsion within a net-alluvial system (high 
suspended load).  
While earthquakes are “known” to be a component of landscape change in 
Greece and specifically in the Peloponnese (Nur 1998, Maroukian 1996, 
Papanastassiou et al. 1993; Gaki-Papanastassiou and Maroukian 1995; contra 
Middleton 2010) and are frequently called upon as an explanation for the palatial 
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collapse (Nur 1998; Papadopoulos 1996), recent geomorphological investigation 
at Tiryns has yet to assign a seismic event in the plain to this time period. 
Archaeological inferences of a “Great Earthquake” (Kilian 1982, Zangger 1994) 
have also failed to produce a convincing argument for localized seismicity. 
Tiryns, unlike Mycenae, is located near, but not adjacent to any known and 
active faults (Hinzen et al. 2016: fig. 2). Recent seismological investigations, 
targeted toward identifying the potential for seismic amplification, or “site 
effects,” of the underlying soil and bedrock deposits have uncovered an 
important fact for consideration: the sediments underlying the Lower Town at 
Tiryns are prone to liquefaction (Hinojosa-Prieto and Hinzen 2015: 104; Hinzen et 
al. 2016: 10; Karastathis et al. 2010), but no such disruption has yet been detected 
during excavation (Hinzen et al. 2016: 11). As contrasted with Mycenae (see 
Chapter 3), there is no unequivocal evidence that earthquakes effected any 
change in the landscape around Tiryns sufficient to cause the avulsion. 
To date, the processes of flooding and channel migration in the LBA at 
Tiryns appear to have been largely dependent on geomorphological processes. 
Recent study from Marathon suggests that flooding events are more dependent 
on the “peak storm intensity” (Diakakis 2012), rather than antecedent moisture, 
total volume, or average intensity. As such, the occurrence of floods is a product 
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of the sudden change in conditions. To initiate landslides, however, antecedent 
rainfall is necessary to saturate the ground and increase pore pressure 
(Giannecchini et al. 2012). As Zangger (1994) suggests, the seemingly 
spontaneous avulsion of the Manessi was likely caused by a shift in the 
topography of the alluvial cone which forms the sedimentary substrate of the 
area, resulting in the southern portion of the fan resting at a higher elevation 
than the northern portion, where the northern town of Tiryns was situated.  
While human activities may have increased the suspended load of the 
channel, resulting in channel alteration (van Andel et al. 1990), no archaeological 
survey has been conducted in the upstream sections of the Megalo Rema to test 
this hypothesis. In fact, in the course of the Argive Plain project, Zangger (1993) 
only uncovered one deposit which may have been the result of human clearing 
of the hillside: blackened colluvial deposits near Argos which appeared to date 
to the Late Helladic that Zangger suggested were the result of clearance or 
wildfire. There is no positive evidence to suggest that any observed deposition 
was the direct result of human disturbance, although floods and rapid 
sedimentation in the Xerias drainage in the vicinity of Argos is attested to in 
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modern (Zamani et al. 1991) and ancient times (Palaiologou 2014; Kritzas 1976–
1978; Fouache and Gaki-Papanastassiou 1997). Rather, the post-abandonment 
burial of the Northwest Town of Tiryns, allows us to better characterize the long-
term cycles of stability and instability in the plain, and to expand our 
Figure 13. Map (A) and Google Earth imagery (B)  showing the Northwest Town of Tiryns in relation to 
the citadel of Tiryns; C) Aerial photograph of the excavation, showing the sampled sections with the 
observed facies labeled. The three facies (I–III) observed across the site appear to represent the 
abandonment of the site in LH III C (Samples 1, 3, 6), its burial (Samples 2, 4, 5, 7, 9), and the brief 
reoccupation of the area in the Early Iron Age (Samples 2, 5, 8). 
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understanding of the landscape history of the plain. Muds observed covering the 
LH III C town allow us to suggest that transport continued in the absence of the 
channelized flow from the Megalo Rema and the Manessi, resulting in sheet-flow 
and deposition of sandy muds over the sites through the Early Iron Age.  
 
New Insights: The Current Excavations at the Town of Tiryns 
Continued excavation by the 4th (∆′) Ephoreia for Prehistoric and Classical 
Archaeology of the Ministry of Culture and Sports and the Deutsches  
Archäologisches Institut under the co-direction of Dr. Joseph Maran and Dr. 
Alcestis Papadimitriou (FIG. 13) has provided new information concerning the 
Figure 14. Schematic drawing of a typical section in the Northwest Town of Tiryns, showing Facies I–III, as 
well as LH III C architecture and the Geometric “resting surface.” Color differences are exaggerated for 
emphasis. Scale increments are 10 cm.  
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timing and extent of the alluviation which, when combined with 
micromorphology of sediments from later events, may be interpreted in a larger 
geomorphological and environmental context. Results of recent 
micromorphological analysis at the Northwest Town of Tiryns imply additional 
overland transport of alluvial sands concurrent with and after site decay (Maran 
and Papadimitriou 2017). 
 
Site-Scale observations and general geomorphology 
This understanding turns the discussion of the “Tiryns flood” away from 
catastrophe and towards sustained change, with strong implications for the 
nature of LH/EIA landscape change and its potential relationship to sociocultural 
change during this period, and perhaps the general trajectory of Bronze Age 
settlement in the Argolid. 
The site-scale stratigraphy as observed in the Northwest Town of Tiryns 
consists of essentially three strata that are visible across the site (FIG. 14). The 
bottom-most deposit (FIG. 14:I), which appears to lie on or immediately above the 
LH III C built surface (not studied because it had not been excavated), lies about 
53−56 cm below the modern surface and consists of rubified clay interspersed 
with apparent combustion features (see contribution by Shahack-Gross and 
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Kahlenberg in Maran and Papadimitriou 2017). Above this surface is an apparent 
post-abandonment deposit (FIG. 14: II) approximately 22−31 cm below the 
modern surface. This deposit is coarser, moderately to poorly-sorted yellowish 
silt and sand.  
The overlying post-EIA (Early Iron Age) fills (FIG. 14: III), range between 5 
and 20 cm, and incorporate coarse limestone cobbles and blocks. Near vertical 
orientation and otherwise high center-of-gravity orientations of the limestone 
blocks within the sandy matrix suggest that these stones were deposited 
concurrently with a supporting sandy fill. There are no clear unconformities that 
suggest net erosion over the site, although the observed contacts show 
alignments of coarser clasts (limestone and anthropogenic). Above the supposed  
LH III C contact, anthropogenic clasts (ceramic and mudbrick) are relatively 
infrequent until the EIA deposits. Micromorphological analysis, then, was  
specifically targeted to understanding the genesis of the “abandonment 
stratum,” Facies II.  
 
The Micromorphological Study 
In October of 2014, the Lower Town of Tiryns was twice visited for the purpose 
of micromorphological sampling. A total of nine samples, varying between 8 and 
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15 cm in height were taken at locations supposed to represent transitions in 
sedimentary characteristics or stable surfaces (FIG. 13). The samples were then 
impregnated in a solution of promoted polyester resin and styrene monomer 
(seven parts to three parts respectively). The resulting “slabs” were processed 
into 15 slides taken from contacts and observed structural features. 
The sampling strategy for the Northwest Town was designed specifically toward 
reconstructing the alluvial history of the site, and focused on “invisible contacts” 
along which gravel-sized clasts where observed to be oriented, suggesting 
“resting surfaces” rather than deposition during transport. General field 
observations of the sediments at the Tiryns Northwest town are as follows: The 
sediment is a yellow-brown fine sandy silt with infrequent but ubiquitous 
inclusions of larger architectural components and artifacts. Excavations as of 
2014 did not seem to have exposed the pre-cultural “basement sediments,” as the 
bottom-third of the exposed strata appeared to preserve features of baked clay, 
likely dating to LH IIIC as was visible while extracting Sample 3 (below).  
 
Unit I: Late Helladic Mudbrick Material 
The basal unit of the abandonment sequence, Unit I, is characterized as a thick 
layer of orange-red clay (FIG. 15) with an apparent erosional contact on its upper 
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margin (FIG. 14I). Although the material appears baked, due to its reddish color, 
FTIR analysis suggests that it has not been heated to greater than  
500 C, as clay peaks are preserved in the spectra (see Berna et al. 2007). The mud-
brick material is found at a similar depth as LH III C hearth features, dated by 
ceramic deposits (Maran and Papadimitriou 2017). This layer, and its general 
inclination toward the north (towards the architecture) contrasts with the 
Figure 15.  Excavated sections showing Facies I and its contact with the overlying layers in the vicinity of 
Samples 1 (A, B) and 3 (C, D). Scans of sample block 1 (C) and 3 (D) show the surface of Facies I and the coarse 
human-made clasts resting thereon. This irregular surface appears to be the result of the decay of mudbrick 
structures from the LH III C settlement at Tiryns. 
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overlying deposit, which preserves more horizontal alignments of coarse gravel 
and cobble sized debris. The contact between Unit I and overlying sediments is 
clear (FIG. 15A–D), and can be seen in the thin-section supporting a large (> 4 cm) 
fragment of coarseware pottery (FIG. 15B).  
The microfabric of Unit I (FIG. 16A) is characterized by a moderately sorted 
fine to very fine sand (silty sand), with a chaotic coarse-fine distribution (closed-
to-open porphyric) preserving frequent and discontinuous “stringers” of fine 
Figure 16. General fabric of Tiryns Northwest Town, Facies I; A) General fabric of the sediments, 
showing moderately sorted fine to very fine sand grains, XPL; B) Oxide coating in void space, PPL 
C) Oblong void, with possible organic material inside, potentially left by a grass stem used to bind 
mudbrick, PPL; D) Sub-angular burned clay aggregate, possibly mudbrick, XPL. 
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sand. Fine rounded clasts of mud and burned clay material suggest that the chief 
input to this unit was the decay of mud brick structures. Some in-situ oxide 
formation (FIG. 16B) attests to infrequent waterlogged conditions. This layer 
overlies archaeological deposits, of which the burned materials are rip-up clasts. 
An apparent plastic feature, a collapsed elongate void with oriented clay 
domains (FIG. 16C), may represent the void left by the straw used to bind 
mudbrick. This feature is unique, however, suggesting that this unit does not 
represent in situ mudbrick structures (Friesem et al. 2014), the presence of 
reworked burned clay fragments (FIG. 16D) and some faint oriented lines of fine 
sand (FIG. 17A) and “galaxy” structures (FIG. 17B) which are more consistent with 
redeposition by hyperconcentrated flow and other semi-saturated flows (Phillips 
2006).  
Figure 17. Facies I microfeatures related to the movement of the sediments after the abandonment of the 
site; A) Linear alignments of sand (top) and mud (bottom) spaced approximately .75 mm, which suggest 
redeposition by small-scale sheet flow over the abandoned surface (PPL); B) Galaxy structure of silt-sized 
Mn fragments arranged around a well-rounded disorthic CaCO3 nodule, characteristic of transport in a 
turbid mud-flow or hyperconcentrated flow (PPL). 
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Unit II: Massive silty sands 
Unit II (FIG. 18A, B), which overlies the eroded brick surface, is poorly sorted, and 
comprised of fine sand through very fine pebbles. The sand grains which 
characterize this sediment are closely spaced within the matrix (FIG. 19A), with 
frequent zones of sand-supported matrix where silt and clay only fill the spaces 
Figure 18. Excavated sections showing the thickness of facies II across the part of the site studied in 2014 
in the vicinity of Samples 2 and 7 (A) and Sample 5 (B). Note that in both cases the upper surface of 
Facies II supports larger clasts, likely the occupational surface of the Early Iron Age re-occupation of the 
site. 
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between non-congruent surfaces of the sand-sized clasts. In situ and reworked 
oxide nodules (FIG. 19B) are infrequent, suggesting minimal exposure to standing 
water. The difference in coarse-fine distribution is readily apparent, with the 
overall matrix of Unit II showing less interstitial clay than Unit I, again  
being indicative of alluvial accumulations. “Tiling” of small, discontinuous 
bands of silt and sand, is indicative of colluvial processes, specifically hyper 
concentrated flow (Menzies and Zaniewski 2003).Well-rounded ceramic 
fragments are frequent. Sub-angular (FIG. 20A, B) to round (FIG. 20C, D) short 
distance away, a characteristic of flood deposits. The difference in coarse-fine 
distribution within the rip-up aggregates, which occur throughout the sequence, 
is crucial, as it demonstrates that size-sorting has likely affected the matrix 
Figure 19. Microfabric and Inclusions in Facies II; A) Representative matrix of Facies II showing very 
fine through medium sand in a close-to-single spaced porphyric distribution, some weak oxide 
formation is visible as nodules and hypocoatings on void reflecting relatively little soil moisture since 
original deposition, some sub-horizontal orientation of very fine sand and coarse silt is visible (PPL); 
B) Sub-angular oxide nodule (center) showing fine sand trapped within, arrows point to a 
concentration of silt-sized reworked oxide fragments. The combination of features suggests 
redeposition of sediments subject to moist conditions. 
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sediments, resulting in less frequent rip-up soil clasts suggest reworking 
Figure 20. Inclusions transported within Facies 2: A,B) Sub-angular soil aggregates with a greater 
proportion of fines than the surrounding matrix, that these are more likely rip-up from the ground 
surface rather than degraded mudbrick fragments is inferred from the absence of any void 
pseudomorphs resembling the straw usually used to bind bricks; C,D) Rounded aggregates with less 
(C) and more (D) degraded margins; E) Sub-round medium sand-sized charcoal fragment, likely 
ripped up from Late Helladic deposits (PPL); F) Sub-round medium sand-sized clay fragments, 
possibly reworked mudbrick (XPL). 
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waterborne transport of alluvium from a clay/silt and more frequent sand. At 
higher elevations within the unit, the soil aggregates are well-rounded and 
infrequent (fig. 20c, d), suggesting a longer distance of transport than those in 
samples 1 and 2. Zones of open spacing with margins formed by rotated grains 
may represent aggregates which are degrading, having lost clear margins (fig. 
20c, d). Such aggregates would be expected either in the case of degraded 
mudbrick or in the case of alluvial transport. It is important to note that the sand 
grains within the rip-up clasts demonstrate a different morphology from those in 
the supporting matrix, which are less angular, illustrating that these clasts have 
come from some distance, rather than weathering out of local surfaces. Rounded 
charcoal (fig. 20e) and rubified clay aggregates (fig. 20f) also attest to input from 
anthropogenic sediments. 
  
Unit III: Early Iron Age Abandonment 
Unit III was identified by the resting surface of the “rubble feature” (FIG. 21A) 
preliminarily dated to the Early Iron Age (Maran and Papadimitriou 2017). That 
the rubble feature was deposited with soil material is inferred from the matrix-
supported nature of the feature, which appears convex at its bottom context. 
 74 
Another interesting characteristic of this feature is that many of the cobbles are 
inclined toward the southwest, which might reflect the direction of post  
depositional transport over the site. There is minimal distinction between the  
layers on the field-macroscopic level, but the sediment is slightly darker in color 
and finer in texture. At least in the area of  Sample 5, Unit III also seems to be 
marked by a decrease in reworked reddened mud clasts (presumably mudbrick) 
produced by the decay of mudbrick on the site (FIG. 21B).  
Unit III is a poorly sorted very fine sand trough very coarse sand in a single 
to open porphyric distribution (FIG. 22A). Again, the observation of infrequent sub-
angular soil aggregates suggests that the sediments of Unit III are similar in 
transport mode and energy to those of Unit II, as the aggregates appear to contain 
Figure 21. Excavated section showing (A) the thickness of Facies III above the reported EIA surface; B) 
Block scan of sample 5 showing the contact between Facies II and III, reddened mud clasts are shown with 
yellow dotted lines. This contact appears to constitute a change in sediment source, with the overlying 
sediments of Facies III containing less contribution from underlying decayed architecture. 
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sand fraction with similar sorting to that of the matrix but with greater amount of 
interstitial silt and clay. Some sand grains are weakly oriented along the horizontal 
axis of the slide, suggesting deposition by sheet flow. Silt/clay banding (FIG. 22A) 
and a remnant clay/silt crust (FIG. 22B) and demonstrate the natural processes of 
in-filling (Friesem et al. 2014, 2011), caused by the slow movement of water across 
the exposed surface of the underlying site fills. Large fragments of charcoal (see 
below) suggest lower energy modes of transport. The low frequency of large 
anthropogenic clasts (ceramic sherds and mudbrick fragments) and evidence of 
pseudo-laminar flow confirm that this deposit is natural, likely generated by sheet 
flow over the abandoned site. 
 
Figure 22. Microfeatures of Facies III. A) General structure of Facies III, showing sub-horizontal lines of 
silt and very fine sand (arrows) dipping from left to right across the thin-section, the coarse-fine 
distribution if heterogeneous, with areas of close-through-open porphyry (although the fine sand is 
usually single- or double-spaced within the silt/clay matrix); B) Mud slaking crust, showing a small 
fraction of a surface briefly exposed post-transport. 
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Anthropogenic Sediments 
Sample 6 (FIG. 23A, B) was taken to target a sequence of apparently burnt 
sediments in the northwestern sector of the site, away from the bulk of the 
samples taken and at a shallower depth than the southern portion of the site. 
These three units, confined by surrounding architecture, are about 30 cm thick. 
The topmost 13 cm of this section is characterized by modern soil formation. 
Unit A (FIG. 24A) is composed of a fine to coarse sand in a generally open 
distribution with a silt-clay matrix. Sand is present in heterogeneous zones. The 
porosity comprises channels, chambers, and fissures. This unit is formed from 
Figure 23. Supposed burning sequence in the northern quadrant of the excavated Northwest Town. This 
sequence appears to represent partially baked mud (a), carbonized material (b), and recrystallized ash (c). 
Bioturbation is evidenced in the form of channel porosity visible in the block (a). 
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the mixing of rubified and non-rubified aggregates, suggesting an archaeological 
fill, rather than the in situ remains of a combustion event. Unit B comprises a 
very poorly sorted very fine sand to very fine pebbles with an open to single 
coarse-fine distribution within a rubified silt-clay matrix. Silt-clay banding (FIG. 
24 B) and lines of entrained sand grains, as well as a clay-coated pebbles suggest 
hyperconcentrated flow. Micro charcoal is present, although not to the degree 
that might be suggested by the blackened appearance of the unit in the 
macroscopic scale. The overlying sediments, Unit C, which have a similar degree 
of sorting, spacing, and composition, to Unit II, are characterized by a greater 
amount of fine microcarbon. The contact between Units II and III is characterized 
by a calcitic crust, likely representing recrystallized ashes from a combustion 
episode that was not cleaned out after burning that formed under subaerial 
conditions in a relatively moist environment (FIG. 24C). However, as 
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 no ash crystals were identified in thin-section, this identification is tentative. 
 
Point Counting and Charcoal  
The sediments of the Northwest Town of Tiryns display a relative absence of 
intact charcoal fragments. Preliminary identification of the charcoal discovered 
suggests Pinus or other soft wood (personal communication, K. Wroth 
Figure 24. Microfabrics of the burning sequence, letters correspond to the lower-case labels in Figure 22; 
A) Bottom unit, similar in composition and appearance to Facies I; B) Middle unit, infrequent 
microcarbon appears to give it is darker coloring, bands of sand (bottom arrow) and finer material (top 
arrow), indicate that this layer was deposited over time; C) Top unit, showing light-colored re-calcified 
zones (top), Possibly re-crystallized ashes, although no crystal rhombs are visible 
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2016) (FIG. 25). To assess the contribution of archaeological materials to the 
sediments, point counting was conducted based on a 1 cm grid on each slide. 
Areas of like fabric were distinguished, in order to provide some control over the 
height of each slide, and counts were recorded for these subunits. Counts per cm2 
were then calculated by dividing the raw count for each subunit by surface area 
in cm2. 
Whereas ceramics and burnt mud clasts were fairly ubiquitous, significant 
increases in ceramics were observed in Sample 6 and 8, both representing natural 
fills over the level of the rubble feature capping Unit II and Sample 3,  
Figure 25. Pinus sp. charcoal within Facies III. Large fragments of charcoal (with 
identifiable structure) are only found in Facies I and III, reflecting the likelihood of 
Facies II being deposited by post-abandonment floods, rather than as a cultural deposit 
or construction fill. 
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Sample Unit Charcoal Ceramic 
1 I 0 0.08 
 
II 0 0.36 
2 I 0 0.44 
 
II 0 0.89 
 
III 0 0 
3 I 0 0 
 
II 0 0 
 
III 0.08 0.45 
 
IV 0 0 
4 I 0.29 1.95 
5 I 0 0.22 
6 I 0.19 0.24 
 
II 0 0.29 
 
III 0.14 0.21 
7 I 0 0 
8 I 0 0.24 
 
II 0.20 0.40 
 
III 0 0 
9 I 0 0.00 
 
II 0 0 
Table 2. Counts, per cm2 for charcoal and ceramic observed in slides from Tiryns. 
 
 81 
 representing the burned fill and overlying natural fill. Significant increases in 
carbon were observed for samples 8, 6, representing the area above the EIA layer. 
Sample 3, which represents the basal burnt aggregate fills, and 4, which is 
located slightly above these fills, also showed increases. In sample 3, the increase 
is only in Units III and IV, being the infilling above the aggregate fill, further 
suggesting that this rubified layer is redeposited and not the result of in-situ 
burning. 
 
Stratigraphic Reconstruction 
Stratigraphic reconstruction is difficult for the Lower Town, not of because of 
stratigraphic complexity, but because of the short time scale, the apparent single 
sediment source, and the absence of any strong erosional contacts. Major contacts 
are not here indicated by large laterally continuous unconformities, as might be 
expected in depositional environments with a greater erosive capacity, but rather 
as “resting levels”: lateral concentrations of coarser clasts forming a weak carpet 
or line of stones and larger ceramics in the absence of an eroded surface or 
change in sediment composition. Without any net erosion to distinguish exposed 
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surfaces, the Early Iron Age remains appear to “float,” in the sediments, as Units I 
and II are indistinguishable from one another. Much of this is the result of the 
Figure 26. Idealized Cross section through the acropolis of Tiryns, showing the sequence of events buying 
and reburying the Northwest Town at Tiryns. A) The town was originally founded on Early Helladic 
Alluvium; B) The town was buried during a series of floods from the Megalo Rema via the Manessi; C) The 
town was rebuilt in LH III B, after the construction of the dam: D) The town was abandoned, and (E) buried 
in subsequent mud flows, likely supplied by continued, but reduced activity from the stream channel 
which carried the avulsed Manessi river. Illustration of Tiryns adapted from Zangger 1993, fig. 40. 
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particular geomorphic characteristics of the Argive Plain, being relatively stable 
and flat with little erosion and intermittent accumulation.  The absence of any 
genuine surface weathering along this contact is indicative of a short-lived 
exposure, and the continuation of input of muddy sands from the surrounding 
landscape cannot have taken long. The presence of this single level, however, is 
important for the interpretation of the sedimentary history of the town, and 
necessary for understanding the past environment and its impact on settlement. 
The sequence overlying the Late Helladic “flash floods” and subsequent 
LH IIIC occupation consists of three depositional units, one erosional contact, 
and one short-lived “resting surface” (FIG. 26). The underlying LH IIIC deposits, 
as shown by Samples 1 and 3, are fills composed of mixed burnt and unburnt 
clasts, possibly related to the cleaning of the hearth features (see Shahack-Gross 
and Kahlenberg in Maran and Papadimitriou 2017).  
The sediments overlying the LH IIIC remains at the Lower town of Tiryns 
represent 20 to 40 cm of natural sedimentation over the site at the end of the 
Bronze Age, and contain infrequent ceramic clasts and rip-up clasts characteristic 
of transport by water. The frequency of mud support and horizontal alignments 
of sands, however, suggest that the events came in the form of 
hyperconcentrated flows, the general horizontal alignments suggesting that these 
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events moved as sheet flows across the site. That the events producing these 
deposits were relatively continuous and of varying energies is evidenced by the 
absence of extensive and continuous erosional contacts and differences in the 
proportions of clay/silt and sand.  
 
Discussion and Interpretation 
The characteristics of the sediments burying the lower town, being relatively 
sorted sands, closely spaced, with infrequent subangular and subround soil 
aggregates, when coupled with the infrequency of charcoal or ceramic fragments 
leads, in particular, to one conclusion: Sedimentation continued over the site of 
the Lower Town of Tiryns after LH IIIC abandonment in the form of hyper 
concentrated sheet flow, supplied by the decaying built environment and, in 
part, the surrounding alluvial deposits which formed the substrate for 
occupation. While aggradation was minimal, the filling-in and burial of the site 
suggests that the floodplain, at least in the area of Tiryns, was not “stable” (in the 
strictest sense) during the period immediately following the collapse of the 
palatial system, and that these conditions persisted well into the Early Iron Age 
(Fallu 2017). 
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Source of Sediments and evidence for continued activity 
The source of the sediments is difficult to determine, as the study was limited to 
the excavated area of the site, and the fact that sediments from previous 
sondages in the flood deposits were unavailable for sampling due to flooding 
and the erosion of the exposed sections from the earlier excavations. While the 
nearby Manessi channel system would be the logical source for these sediments 
and the necessary floodwaters, it is unclear whether the stream would have had 
an impact on the site. Zangger (1994) illustrates the “old channel” with three 
small tributaries, whereas Maroukian states unequivocally that “there are no 
tributaries downstream of the dam in the inactive channel and thus no significant 
additional waterflow” (Maroukian et al. 2004: 1161). The tributaries are 
illustrated by Zangger appear to be small headwater-eroding gullies (< .25 km ), 
and, while they may not have contributed a great deal of volume, they represent 
some degree of erosive capacity in the abandoned channel, contrary to the 
assertion made by Maroukian and colleagues. The construction of the dam 
appears to have reduced the (former) Manessi from a third order stream to a first 
order stream. The redirected channel appears to have maintained much of the 
same stream power as the original, an observation supported by both simple 
stream-order calculations and similarities in erosive capacity of the old and new 
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channels (cf. Maroukian et al. 2004: 1161‒1162). While yet inconclusive, it is 
possible, if not likely that accumulation over the Lower Town at Tiryns after 
LHIIIC was fed in part by the former channels of the Manessi. Regardless of this, 
the sand-supported microstructure of the bulk of Unit II suggests the transport 
and re-deposition of alluvial material. Without the main volume and hydraulic 
head provided by the Megalo Rema, however, the resulting flows were less 
concentrated and of lower energy. 
 
Abandonment and mudbrick degradation 
The primary problem in identifying the burial processes on site is eliminating the 
processes of in situ mudbrick decay The section containing Samples 3 and 5 (FIGS. 
11 and 17) demonstrates interspersed of fine yellow and reddened clay material, 
suggesting some contribution from the degradation of mudbrick. The large 
“blocky” fragments and interspersed baked and unbaked material have a 
“chaotic” colluvial character diagnostic to decaying mudbrick sequences 
(Friesem et al. 2014). This sequence, however, only occupies the bottom third of 
the section, with the majority of the sediments over the LH IIIC remains 
appearing massive and sandy, rather than fine. The general absence of inclined 
sedimentary features, and the existence of horizontal “resting surfaces” across 
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much of the site preclude slope processes and therefore mudbrick degradation as 
a major contributor to site stratigraphy, at least in Layer 1 and at the contact 
between Layers 1 and 2. Site decay colluvial processes, which can operate on 
scales of years to decades in semi-arid environments, are present, but appear to 
be gradually replaced by over-land hyperconcentrated flows. 
 
Holocene stability and instability in the Argive Plain: “Event” or “Change?” 
Sedimentary dynamics within an alluvial plain, such as the Argive, are 
particularly attractive to scholars attempting to understand causation in 
landscape change, as the relative lateral stability (incision) of channels results in a 
more easily-read history. Within a drainage of consistent topography, climate, 
and geology, the shape, size, and pattern of channels are controlled by flood 
frequency and character and sediment size and volume (Harvey 1977: 301). A 
change in topography in the Manessi alluvial fan (Zangger 1994) altered the 
path, but not the sediment supply and water volume of the flows, which were 
dispersed as they left the incised channel. While the Tiryns Dam cut off the main 
supply of the Manessi, from the Megalo Rema, and created a separate drainage it 
did not ameliorate the environmental conditions which initiated transport from 
the Megalo Rema in the first place.  We might attribute the lower energy sheet 
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flows to surface transport the same destabilizing conditions which generated the 
sediment supply for the LH III B torrential flows, suggesting a longer-term 
change in the depositional environment (although higher resolution comparison 
of fills in the environs of Tiryns and the Megalo Rema would be necessary to 
assert this completely). 
The chief question concerning the landscape changes around Tiryns is, for 
now, not simply the cause of the flooding, but the relative equilibrium of the 
surrounding landscape. The complete avulsion of a stream channel, resulting in a 
completely new course or pattern of bars may be expected to be accompanied by 
the erosion of debris cones and general marked erosion on valley slopes (Harvey 
1977: 308). Regular large volume events are necessary to maintain channel and 
torrent morphology (Harvey 1977:312). As such, the diversion of the Manessi 
may have removed the threat of large-scale torrential deposits, but resulted in an 
environment where sheet flow dominated into the Early Iron Age. The 
conditions which initiated the LH III B torrential flows may have persisted, 
although in the absence of the upland sediment source and channelized flow 
provided by the Megalo Rema prior to the construction of the dam. While such a 
depositional environment would not have produced rapid burial or destruction, 
it may be speculated that this unstable surface, possibly resulting from reduced 
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vegetation, was less hospitable than that enjoyed by the community of Tiryns 
prior to LH III B, and may have been a contributing factor to the eventual 
abandonment of the LH IIIC site, as well as restricting development during the 
Early Iron Age. 
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CHAPTER 3: LANDSCAPE CHANGE AND MANAGEMENT IN THE 
ENVIRONS OF MYCENAE 
Introduction 
The geomorphological history of the environs of Mycenae, on the northern edge 
of the Argive Plain 20 km north of Tiryns and 3 m north of Chania, is limited to 
general bedrock lithology (Finke 1988; Zangger 1993; Shelton 2003) and  
archaeoseismological observations (Maroukian 1996). The bedrock sequence is 
Jurassic/Triassic limestones overlain by Pliocene deposits and scree deposits. 
There have only been brief descriptions in archaeological publications concerned 
with limestone and conglomerate resources (cf. Younger 2010; e.g., Shelton 2003) 
 
Figure 27. The Chavos ravine and adjacent waterways showing the locations of MYCLT and MYCPH, as 
well as the bedrock geology. 
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or fault activation (Maroukian et al. 1996)(FIG. 27). As a result, the list of relevant 
resources for depositional history around the site is relatively short (cf. 
Maroukian et al. 1996; Papanastassiou et al. 1993; Fouache 1999: fig. 49).  
I used observations of surface features and exposed (naturally-eroded) 
sections through stream banks to assess previously published hypothesis 
concerning the Holocene depositional history of the area. The history of the 
watercourse based on previous work and in-field landscape observations, of 
incision and deposition, as well as to understand the placement of land 
management structures (i.e. dams and terraces) through time (to as high a 
resolution as allowed by previously-conducted survey) and their possible 
impact. The results appear to reflect a changing landscape at the end of the 
Bronze Age and raise questions over current interpretations of the history of the 
watercourses around the citadel and the oft-cited assumption that human 
intervention through terrace construction at the end of the Bronze Age curbed 
erosion. 
 
Geomorphology in the Northern Argive 
Unlike Tiryns, which lies within the alluvium on the Argive Plain (Chapter 2), 
Mycenae is found at the intersection of several hard rock facies (FIG. 10). This 
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specific combination of hard rock and unconsolidated sediment provided 
Mycenae with readily accessible agricultural lands, and with stone for 
construction (Fallu 2016, Wright 2009). The calcareous parent material provided 
arable soils, relatively well-watered by a perched water table (see Chapter 5). The 
bedrock geology, local waterways, and seismic sensitivity of this marginal 
environment may all have played a role in the development of the citadel, 
helping to separate its settlement trajectory from that of Tiryns in the plain. 
The current landscape surrounding Mycenae on the scree slopes of Profitis 
Elias and Mount Zara is a palimpsest of ancient and modern agricultural 
practices, deep-time geological deposits, and recent Pleistocene and Holocene 
alluviation, colluviation, and scouring. As a result, any discussion must 
incorporate an understanding of the bedrock lithology, seismic history, 
landscape management history, and channel stratigraphy and morphology. 
Bedrock Geology 
A smaller alluvial plain above the Argive Plain, the so-called “plain of 
Mycenae” is typical of the alluvial fans surrounding the Argive Plain:  it 
encompasses Triassic-Jurassic Limestone overlain by Pliocene marl and 
conglomerate deposits. The lower reaches of the “Plain of Mycenae” 
(Palaiologou 2014) are incised into the Plio-Pleistocene marls and conglomerates 
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that support scree deposits and colluvial cones along the slopes of the 
mountains. To the north of the citadel, the conglomerates are eroded into deep 
torrential channels, while an outcrop of the Plio-Pleistocene bedrock forms the 
Panagia ridge to the southwest, where the Panagia Houses and the “Treasury of 
Atreus” stand. 
 
Soils and Erosion 
The grade of the northern slope of Mount Zara (FIG. 27) is greater than 27%, 
making this area unlikely agricultural land, even with terrace technology.  While 
the soils within the Argive Plain are classified as fluvisols (xeric fluvents) 
(Yassoglou et al. 2017), owing to the large accumulation of alluvium, the slopes 
to the north and northeast of the Plain, in the vicinity of Mycenae, are not as well 
developed. To the east, on the limestone slopes, soils are best classified as 
Leptosols (Yassoglou et al. 2017), with shallowly-developed profiles with no 
horizonation. Leptosols are common on the Mesozoic carbonate bedrock 
extending eastward into the Berbati Valley. Luvisols, or Alfisols, are common on 
the lower-elevation conglomerates and marl deposits to the north and west of the 
citadel, Soil development is minimal, and, in both cases, only the A horizon may 
be clearly distinguished. A deeply developed paleosol (calcic xeralf), formed on 
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Pleistocene colluvial deposits, was also recognized in the pass between Mount 
Zara and Profitis Elias, to the immediate east of the citadel.  
The general mechanics of erosion on the northeast margin of the Argive 
Plain may be best read in the erosional traces and scars on the western face of 
Mount Zara. Here, multiple concave cliff scarps attest to calving and rockfalls. 
Net erosion of fine limestone-derived oxidized muds is visible in the exposed 
staining along the base of cobbles, boulders, and bedrock outcrops, as well as in 
distance between the bottom-most lichen communities on large rocks and the 
current surface of the slope. When not the direct result of cliff scarp recession, 
rockslides seem to be the result of the removal of supporting fines as well as 
hyper-concentrated flows, which are a common local disaster along the 
watercourses at this elevation (E. Palaiologou, pers. comm. 2013). The alternation 
of these processes produces a chaotic profile in roadcuts of colluvial deposits 
with various coarse-fine distributions of muds and cobbles. 
 
Watercourses 
The local watercourse, generally referred to as the Chavos (after the seismogenic 
ravine which dominates the landscape and provides natural fortification to the 
citadel of Mycenae, comprises several sections, each known (and recorded in B. 
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Steffen’s 1884 maps) by a separate name (Steffen 1884) (FIG. 27). The upper 
channel, north of the citadel at an elevation of  > 250 masl, is called the Longaki, 
while below the ravine it is called the Khonia, 1 km from the citadel, where the 
channel widens out and enters the larger alluvial plain, it is called the Gounia.  
 
Seismic History 
Faults to the northeast and southwest of the citadel appear to have formed the 
rocky outcrop, with the eastern fault being the more prominent extending along 
the northern slopes of Mount Zara (Papanastassiou et al. 1993). Two apparent 
periods of activation are recorded in the weathering of the fault-scarp, which is 
more eroded in its upper 1.5 m (of 3 m) (Maroukian et al. 1996). The more eroded 
portion of the fault scarp and remnant colluvial wedge along the fault are 
evidence of a pre-Holocene activation, while the bottom 1.5 m of the scarp and 
Mycenaean-through-Roman deposits accumulated along the fault attest to a 
more recent event (Papanastassiou et al. 1993). 
  Maroukian and colleagues, however, report the diversion of the 
watercourse by the re-activated fault, and claim that the channel ran to the north 
of the citadel before the fault shift, with the diversion limited to the upper 
portion of the Longaki (Maroukian et al. 1996; see below for a re-evaluation of 
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the stratigraphy and geomorphology of the area). Whereas the pottery within the 
upper alluvia attests to aggradation and throughput to the Kokoretsa from the 
Mycenaean to the Roman period, there is yet no evidence that this was the initial 
course of the channel, at least during the Bronze Age (contra Maroukian et al. 
1996).  
 
The Agios Georgios “Bridge” 
Perhaps the most problematic piece of “management technology” in the vicinity 
of Mycenae is the Agios Georgios “Bridge,” (FIG. 28A) which lies approximately 1 
km south of the citadel, spanning the Chavos (Khonia) where it passes the Agios 
Georgios church just northeast of the modern village. This structure, although 
spanning the river and placed into the context of the Mycenaean Highway 
system by Steffen (1884) and Jansen (2002), is unusual on several counts. First, 
the location of the bridge, a wide and shallow point in the channel where it exits 
the narrower reaches of the ravine, is unlike the narrow crossings occupied by 
the bridges at Kazarma and Drakonera, being better suited as a ford (Hope-
Simpson 2006). The construction also is unusual with the bridge being much 
thicker than necessary and of unusual design: rough-hewn blocks placed in an 
ashlar-like fashion, with alternating courses of square and oblong cut blocks. 
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Furthermore, the southern face is more solidly constructed than the northern 
face, producing a consistent and repeating pattern. This asymmetry implies that 
Figure 28. The Agios Georgios “Bridge.” A) Photograph of the “Bridge,” showing the 
unusual alternating tall and short courses of limestone blocks; B) Photograph of the retaining 
wall (arrow) north of the “bridge,” which suggests that the structure was, instead, a dam. 
Inset shows the location of the dam in the surrounding landscape. Photographs from: 
https://www.dartmouth.edu/~prehistory/aegean/wp-content/plugins/flash-album-
gallery/flagframe.php?i=19&f=photo_blog&h=480. 
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the two faces served different functional or aesthetic purposes (Hope-Simpson 
2006). To account for these differences, and the necessity of a retaining wall 
immediately upstream (FIG. 28B), Knauss advanced the hypothesis that the Agios 
Georgios “Bridge” is, in fact, a reservoir dam serving the agricultural fields and 
settlement south of the citadel (Hope- Simpson 2006; Knauss 1996). The unusual 
construction is similar, as noted by Hope-Simpson, to the construction of dams at 
Pseira (Hope-Simpson 2006, Betancourt et al. 2005).  Hope-Simpson (2006) 
calculates the resultant reservoir to be approximately 100 m in length with a 
capacity of 3500 to 4500 to 4500 m3. The upper boundary of this reservoir is a 
knickpoint, first noted as a potential ford by Knauss (1996) and mapped in 2013 
by K. Vouvalidis (Vouvalidis, personal communication 2013). 
 
Terrace Placement 
Observing the potential for soil loss and stream activation at a specific point in 
time at the end of the Bronze Age, GIS analysis was implemented to detect any 
change in terrace placement necessitated by landscape change. The base data set 
for the study was the catalogue of terraces recorded during the Mycenae Survey 
of the 1990’s, published in the Archaeological Atlas of Mycenae (FIG. 6) (Iakovidis 
and French 2003). A DEM was created by combining the contours from the Atlas, 
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which are based on Captain B. Steffen’s maps of the 1880’s (Steffen 1884) (FIG. 29), 
with SRTM data and prismless points taken using the DEPAS robotic total 
station (Trimble S6). Terraces were added as vector objects: Bronze Age, Post-
Bronze Age and Unknown were taken from the Atlas, while positions of modern 
terraces were transcribed from Google Earth imagery. Analysis of the terrace 
sample data set, which is admittedly small owing to the low intensity of the 
Mycenae survey and the difficulty in reliably recognizing and dating ancient 
terraces, was restricted to distribution analysis of the remnant populations via 
histogram analysis. 
 
Results: Geomorphological Observations 
The Longaki, or Upper Chavos 
The main geomorphic feature characterizing and shaping the Longaki channel is 
a 3 km long slip fault which runs along the base of Mount Zara. Twice in the past 
(and at least once in human prehistory) this fault has activated, resulting in a 
scarp of approximately 3 m. Where the water channel followed the fault, the 
stream was diverted to the north. The original course of the watercourse, as it 
passed along the fault margin, is now a narrow alluvial terrace now mostly dry 
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and stabilized by grasses (FIG. 30A, B). Periodic input of red clays, weathered from 
the limestone slopes of Mount Zara, is visible along trampled paths (FIG. 30C).  
Figure 29. Base map of terrace distribution study, based on Bernhardt Steffen’s 1884 maps of the 
local topography and ruins (digitized from Iakovidis and French 2003), digitized and updated 
by Sp. Iakovidis and E. French (2001). Modern terraces were digitized directly from Google Earth 
imagery. Map courtesy of R. Shears and D. Ehrlich. 
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Soil formation is visible in a 5–10 cm root matte and weak horizonation (FIG. 30B).  
A narrow alluvial accumulation can be observed north of the fault slip (FIG. 
31A, B). This deposit is, according to Maroukian and colleagues, likely to date 
between the Late Helladic and Roman periods (Maroukian et al. 1996). The 
   
 
  
Figure 30. The original head of the Longaki (A), now taken over by grass and weak soil development (B) 
after a fault slip sometime during the Late Bronze Age. The input of red muds is evident in the rills and 
degraded goat paths of the adjacent limestone slope (C). Inset shows the location of the photographs in the 
surrounding landscape. 
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Figure 31. The “upper alluvium” of the Longaki; A) North-facing photograph of the major fault which skirts 
mount Zara; B) The fault-slip (facing west) which re-directed the flow of the Longaki from its original course 
along the edge of the mountain slope and which began to accumulate the upper alluvium; C) Road cut north 
of the fault slip showing the marly rock through which the new stream incised; D) Road cut showing the 
greatest observable depth of the upper alluvium (approximately 80 cm). Inset in top right shows the location 
of the photographs in the surrounding landscape. 
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Figure 32. Exposed sections of the “lower alluvium,” showing the alternation between sediments 
derived from the limestone slopes (red arrows) and marl deposits (black arrows); A,B) North-facing 
photograph (A) and close-up (B) of the lower alluvium along the fault margin (foreground of A) as 
it passes near the citadel; C) Section 10 m west of A and B, showing a basal deposit of red sandy 
muds (dark red arrow) and red muddy gravels (bright red arrow), the upper muddy gravels 
appear at the same level as the red sandy muds in A and B. 
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sediment is yellow-brown medium to fine sandy silt with infrequent medium 
pebbles (FIG. 31C, D). These sediments are markedly difference from those in the 
original channel (south of the fault), which are red in color and more chaotic in 
distribution and structure. 
 A second alluvial accumulation (FIG. 32A) is located farther west, 
along another portion of the fault-slip closer to the citadel, again appears to be 
the result of the channel adjusting to a new equilibrium resulting from local 
topographic shifts. This shift redirected the flow into the Kokoretsa ravine, with 
accumulation along the ridge of the acropolis occurring at least until the Roman 
period (Maroukian et al. 1996). Examination of the exposed section reveals two 
distinct facies within the alluvium: an earlier layer of fine sandy silt inter-
fingered with light red-brown clays and sands (FIG. 32B, C), indicating input from 
the head of the watercourse and the surrounding slopes, and a more massive 
sandy alluvium reworked from the marls into which the avulsed stream is 
incised. The change indicates the shift of the stream away from the fault margin, 
and reflect the point where sediment source became largely from incision and 
channel widening within the marly bedrock to the northeast. 
  Approximately 700 m upstream from the citadel, the stream crosses 
the fault margin, with the fault and neighboring rock forming a small (1 m) 
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flume (FIG. 33A). A history of high-energy events, possibly seismic, is reflected in 
the small boulder wedged in the channel (FIG. 33A). The degree of recent slippage 
along the fault is noted from a band of deeply eroded rills, similar to that found 
on the exposed fault scarps on the slope of Mount Zara. Recent mudflows are red 
in color and likely mobilized by heavy winter rains on the red soils on the 
southern slope of Mount Zara (FIG. 33B). 
 The final 600 m of the channel passes through previous mudflow and 
alluvial deposits along fault margin. Colluvial cones are more frequent here, 
where the slopes of Zara become steeper. Examination of the exposed scarps 
show a basal layer of red-brown mud supported gravel, with overlying brown 
alluvia interspersed with chert sands and red mud (FIG. 34A–C). Before modern 
incision, which certainly post-dates the Roman recapture of the lower stream, 
this stream bed was filled with hyperconcentrated flows along its length which 
were later covered by the brown silty sand of the lower alluvium. 
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Figure 33. The post-Roman recapture of the stream, which ended the deposition of 
the lower alluvium. A) The flume, formed by erosion through a fissure in the fault 
scarp, showing the light-brown muds derived from the marls; B) Shallow section of 
the conversion of the new and old channels, show the re-deposited red mud slope 
soils over the brown muds from the main channel. 
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Figure 34. Sequence of alluvial and colluvial events as recorded in the banks of The Longaki. A) Exposure in 
the washout below a knickpoint before the Chavos Ravine entrance, the basal deposits in the channel appear 
to be red muddy gravels (light red arrow) overlain by red mud with finer inclusions (dark red arrow), overlain 
by brown sediments from the later channel (black arrow); B) An adjacent section showing the same red muddy 
gravel, this time directly overlain by the brown sediments; C) Section of slope upstream from A and B, near 
the head of the original channel, showing the accumulation of red muds and fine gravel-through- cobble-sized 
limestone clasts, this is a likely source of the muddy gravels which form the earliest visible deposits in the 
Longaki. 
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The Chavos Ravine 
Little is understood to date about the formation of the Chavos ravine (FIG. 35) 
and its watercourse, although the ravine itself is supposed to be of seismic 
origins, like many steep narrow gorges on  mainland Greece and Crete 
(Maroukian 1996). The general character of the ravine, as narrow as 5 m at its 
base and approximately 90 m at the top at its widest, is chaotic, with several 
knickpoint terminating in a 15 m long flume which drains into a wider basin, 
where the watercourse is less incised and more mobile. 
Figure 35. The mouth of the Chavos Ravine, at the eastern end of the Acropolis of Mycenae (A), and the 
cobble lag at the top of the first knick-point (B). The gravels and cobbles built up against the knick-point 
attest to a history of deposition from slope soils, which contain large sub-round limestone clasts (see FIG. 
34C). 
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 Sediment history within the ravine is largely un-informative as 
frequent scouring has eliminated evidence in most areas. A cone of sediment 
near the outlet of the ravine (FIG. 36A), however, appears to bear pottery from 
multiple periods post-Bronze Age. The cone, eroded by recent southeastern 
movement of the active channel, appears to be associated with some previously 
unidentified and yet undated architectural features on a limestone ridge within 
the ravine. The general sequence revealed by the eroded scarp shows dark 
muddy gravels and cobbles overlain by grey-brown alluvium and coarser 
gravelly deposits (FIG. 36B). A large colluvial cone extending from the area of the 
palace, and supposed palatial remnants attest to the earthquake that likely 
Figure 36. Incised colluvial cone in the Chavos Ravine near the palace of Mycenae. Deposits containing mixed 
cultural material (A) overlie cobbles and red muds (arrow). The Finer deposits (B, bottom) contain the bulk of 
the cultural material, some of which dates from the Bronze Age and Early Iron Age. 
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caused the partial destruction of the megaron complex. The possible discovery of 
a (highly fragmented) stone seat in the area may be the remnants of one of two 
“thrones” supposed to have rested in the palace complex. An exposed section 
which appears to shows sandy radiolarian chert-heavy sediments with medium 
to coarse limestone gravels overlying sandy brown alluvium similar to that 
which fills the lower alluvial zone above the ravine (FIG. 37). If these two sections 
are taken to represent the recent Holocene history of the ravine, then they seem 
Figure 37. A washout below a knickpoint in the Chavos Ravine (A) showing red muds and gravels 
(B) overlying brown alluvium (B). This apparent inversion of the sequence evident in the Longaki 
exposures may be taken to show the erosion of the lower longaki alluvium (incision) followed by 
more recent contribution from the limestone slopes of Mount Zara. 
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to reflect the closing off of the ravine from the upper channel (presumably in the 
Late Helladic) followed by the re-capture of the ravine with subsequent input 
from the mountain slopes in the form of red clays and gravels. 
  
The Khonia, including the Agios Georgios “Bridge” 
The lower channel, which passes by the “Lower Town” of Mycenae (see Chapter 
5) is a constrained channel with very limited lateral movement, resulting in a 
relatively narrow (20 m) alluvial basin with limited and discontinuous terraces 
reflecting at the very least one past floodplain level, approximately 2 m about the 
current incised channel. Large blocks on this terrace, which rest on the surface of 
the terrace, rather than being buried, attest to net incision since the time the 
stones were emplaced (P. Karkanas, personal communication 2013). A later stone 
foundation further downstream and resting on the terrace level of the modern  
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Figure 38.  Incised alluvial terrace near the beginning of the Khonia, where fine mud-supported gravels overlie 
cobble-heavy sediments (A). Building stones from later antiquity (B) appear on top of this alluvium, perhaps 
fallen from the higher banks, as some stones can be seen (in the background) along the eroded slope. 
incised channel further attests to either incision or stability after the “Dark 
Ages.” Large architectural blocks resting on the edge of the incised bank likely 
predate this incision. A retaining wall on the western bank of the channel (FIG. 
38), in the vicinity of the Mycenae Lower Town site, rests approximately 2 m 
above the modern streambed, suggesting incision since the Bronze Age has 
occurred to this depth. 
 The Khonia, for the most part, follows the boundary between the 
limestone slopes with associated scree deposits and the marl and conglomerate 
deposits. As such, the morphology varies with respect to profile, while the 
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planform is restricted by the erodible bedrock.  At the point where the dam was 
built, the basement rock of the channel is durable limestone, causing the channel 
to spread to its widest, making this point in the watercourse an unusual choice 
for the construction of a bridge (Hope Simpson and Hagel, 2006). A small 
remnant of red mud and sands (<0.5 m2) preserved upstream from the dam, 
attests to a prior period of accumulation from slope-derived sediments (FIG. 39), 
however the evidence is insufficient to aid in discerning whether the channel was 
Figure 39. West bank of the Khonia (A) upstream from the Agios Georgios “bridge,” showing (B) a small 
remnant of chaotic red muddy gravels, a remnant from the events which moved downstream from the 
Longaki. While the presence of these sediments neither confirms or disproves the presence of a reservoir, its 
shows the extent of the sediment flows in antiquity. 
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 spanned by a bridge or a dam at this point, although accumulation at the edge of 
the channel suggests that flow was obstructed. There is no clear evidence of the 
red muds below the level of the dam at this time, however these soils are heavily 
vegetated and in many places given over to olive groves, obscuring potential soil 
evidence. Blocks downstream of the dam, where the channel passes into the 
alluvial plain of the Inakhos, are buried in yellow-brown sandy silt (FIG. 40), 
indicating that their burial happened while erosion through the marls of the 
Longaki was still a driving supply of bedload, suggesting that the structure was 
Figure 40. Blocks, possibly from the “bridge,” within 100 m downstream from the standing remains. A) A 
construction block buried under alluvium which appears to have resulted from the period during which 
the Longaki Lower Alluvium was still incising (post-Roman); B) A larger block resting on bedrock. If these 
block originate from Agios Georgios, then the destruction happened before the Roman-era recapture of the 
Chavos Ravine by the Longaki channel. 
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already destroyed at least by the recapture of the fault-constrained channel in the 
Longaki basin (apparently in the Roman Period). 
 
Results of Terrace Study  
 Results from GIS analysis, although suffering from a limited sample 
size, seem to reflect a difference in the need for or the technology of terracing 
during and after the Bronze Age, possibly separated by the Late Helladic 
landscape events recorded in the sediments of the Longaki, Chavos, and Khonia 
channels. A total of 74 ancient terrace walls are identified in the Atlas; 48 being 
specifically identified as Mycenaean.  From the Google Earth imagery, 278 
modern terrace walls were identified and digitized. Elevation, slope, and aspect 
data was extracted from the DEM for all terrace wall features were then classified 
by time period to compare attributes of ancient and modern systems. 
 
MYCENAEAN PERIOD 
At first glance, the Mycenaean terraces are focused mainly in three general areas 
around the citadel: the Panagia Ridge (FIG. 41A), the outflow of the Kokoretsa 
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Ravine (FIG. 41B), and the southern talus of Mount Zara (FIG. 41C). Construction 
around the watercourse itself appears to have been limited to channel 
containment and roadways. It is worth noting, in fact, that the majority of 
terraced fields are well away from the channel, likely owing either to the ease in 
maintaining low-lying alluvial soils or to the use of the area for a function other 
Figure 41. Detail of Steffen’s 1884 map, showing regions of interest, including: The Panagitsa 
Ridge and Pezoulia Hill (A) Where the majority of the Mycenaean terras are located, as well 
as tombs and buildings dating to the LH III B and C periods; B) The Kokoretsa ravine, which 
may have been the major watercourse in the region after the earthquake discussed above; C) 
The southern talus of Mount Zara; D) The Longaki drainage, showing an absence of 
Mycenaean terraces. 
 
 117 
than agriculture. The terraces are mainly located to the west of the Panagia Ridge 
and to the northwest of the citadel, calling into question an agricultural function 
for a reservoir (retained by the Agios Georgios dam) within the Khonia. 
Furthermore, there are no terraces recorded for the northern slopes of Mount 
Zara, where the major input of red slope soils seems to occur (FIG. 41D). 
 Spatial analysis of the Mycenaean terraces (FIG. 42) reveals two 
potential governing factors: elevation and slope gradient. Slope aspect, or the 
“facing direction” seems less important, as terraced areas seem to fall on all 
possible slope orientations on the hillsides. Although the evidence may be 
fragmentary, the most terraces (23.9%) are located on slopes between 178 and 195 
masl.  
 The slope distribution of the supposed Mycenaean is less clearly 
normal, although possesses a clear spike at 17.75‒19.87° slope, with 15.2% of 
terraces resting on slopes in this range. The majority of the terraces, then, retain  
slopes that are considerably shallower than the 35° angle of repose calculated for 
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Figure 42. Histograms showing the elevation distribution (A) and slope distribution (B) of the 
Mycenaean terraces recorded during the Mycenae survey (Iakovidis and French 2001). The 
elevation distribution is continuous, with the exception of one terrace above 360 masl, which was 
not likely an agricultural terrace. The skewness and kurtosis of the distributions is to be expected, 
with number of terraces falling of rapidly with increase in elevation, while the frequency of terraces 
rises with slope and drops of slowly until 25°While the slope distribution is best described between 
10 and 15° (when viewed at 6 bins), a slight increase is visible at 18–20° when viewed at 14 bins, the 
mode being skewed by a sudden decrease in terraces in the 19.88–22.03° range. 
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Figure 43. Reclassified map of the environs of Mycenae, showing all areas which meet any or 
all of the parameters for slope, elevation, and aspect as the known Mycenaean terraces. Note 
that the upper basin of the Longaki does not appear to meet the requirements, suggesting that 
it was never terraced. 
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sediments in the area. These slopes are mostly close to the citadel, although they 
are distributed along the margin of the Argive Plain as far south as Agia 
Paraskevi. They area surrounding the Longaki does not fit the parameters 
observed for terraced land around Mycenae, further confirming that slope loss 
was unlikely to have been the result of collapsing terrace wall (FIG. 43). 
Figure 44. Histograms (14 bins) showing the elevation distribution (A) and slope distribution (B) 
of the “Post-Mycenaean” terraces recorded during the Mycenae survey (Iakovidis and French 
2001). Viewed at 6 bins, the mode for slope preference is wide, comprising 10°. Viewed at 14 bins 
(C), the increase between 5.74 and 11.455 is readily apparent, lower than the peak observed in the 
Mycenae slope preferences, and more consistent, spanning 3 bins. It would seem that, after the 
Mycenaean period, there is a slight shift in the slope and elevation of terraces, favoring slightly 
shallower slopes at significantly lower elevations. 
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TERRACE EMPLACEMENT, LATER PERIODS IN ANTIQUITY 
 Diachronic resolution in terrace studies is difficult if not impossible to 
ascertain without excavation or coring (cf. Wells et al. 1990). Even then, without 
understanding of the precise method of terrace construction, complications can 
arise from the inclusion of later or earlier ceramic material in the terrace-fill 
during construction, tilling, or re-use. Of the terraces recorded during the 
Mycenae Survey, 18 were identified as “post-Mycenaean,” meaning any period 
in antiquity coming after the Bronze Age (Iakovidis and French 2003).  
 The elevation distribution for the later, or “Unknown” terraces, like 
that for the Mycenaean terraces, is unimodal, with the mode occurring in the 
191.20‒209.84m range (FIG. 44). This bin constitutes 22.2% of the “Unknown” 
terraces, and is close to the mode for Mycenaean terraces, with a significant 
overlap in the utilized elevations. Slope distribution, on the other hand, varies 
slightly for the “Unknown” terraces, lending some strength to the argument that 
these terraces are from a different period (FIG. 44). Viewed at 11 bins, the greatest 
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concentrations of terraced slopes fall in the 7.7‒9.6 and 11.5‒13.5° ranges, with 
two terraces in the 21.2‒23.1° range (these may be Mycenaean, but it is 
impossible to assert this based on current data).  
 
Figure 45. Histogram of elevation distribution (A) and slope distribution (B) for modern 
terraces as identified from Google Earth imagery. Note that the modern terraces have the 
same lower-elevation siting as the “Post-Mycenaean” terraces. The 20-bin histogram for 
slope distribution (C) shows a mode between 11° and 13°. The continuous distribution 
here contrasts with the archaeological terraces and demonstrates the effects of poor 
preservation and recovery. 
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MODERN TERRACES AND LANDSCAPE CHANGE 
 The slope distribution for modern terraces is clearly unimodal, with 
frequency dropping off more quickly at slopes greater than the mode than at 
lesser slopes (FIG. 45). The mode falls in the range of 11.53°‒13.44°, less steep than 
the slopes of the identified Mycenaean terraces, but similar to that of the 
“Unknown” or “Post-Mycenaean” terraces (11.5‒13.5°). 
  
Discussion: Fluvial History, Management Technology, and Landscape Change 
Although scholars have acknowledged that erosional histories will vary from 
region to region, based on settlement histories (Zangger 1992, 1991), intra-
regional differences are not frequently taken into consideration, with the major of 
“landscape change” events being inferred from regional depositional sequences, 
such as the Pikrodafni deposits in the Southern Argolid (van Andel et al. 1986; 
van Andel and Zangger 1990; van Andel and Runnels 1987; Pope et al. 1984). 
Other than the research by R. J. J. Pope in the Sparta Basin Piedmont (2003; see 
Chapter 1), which attempted to understand the causes of erosion by recording 
differences in aggradation and incision across multiple fans, no 
geoarchaeological studies have dealt with the complexities of small-scale 
variations in the local sedimentary record. The scour-and-fill dynamics of the 
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Chavos (see above), however, make clear the demand for a more nuanced 
investigation, particularly along slope margins, where net erosion and 
constrained and semi-constrained channels create a discontinuous record (cf. 
Harvey 1977: 132). More attention should be paid to erosion in the current 
seasonal regime in order to establish patterns of gradual and sudden change in 
these marginal environments. 
 While fragmentary, the sedimentary history of the Chavos waterway 
(gleaned in the absence of excavation or coring) shows a simple progression from 
red muddy slope sediments to brown sandy sediments, then to a mixture 
between the two. Given the previously published seismic history of the area 
(Maroukian et al. 1996), it would seem this change reflects the alteration of the 
Longaki channel during an earthquake, or series of earthquakes, presumably in 
the Late Helladic period (based on loose ceramic chronology). The diversion of 
the channel further north of the citadel by the fault slip resulted in the 
accumulation of an alluvial fan in the saddle north of the citadel. The original 
channel along the fault was at this point given over to accumulations of red-
brown slope soils from the slopes of Mount Zara, which appear to have extended 
along the channel at least until the area of the Agios Georgios “bridge.” After this 
point channel flow appears to have increased, incising and expanding the 
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channel and resulting in periodic fluvial-style “sandy bottom” aggradation. That 
this series of geomorphic changes seems to have originated during the Late 
Bronze Age requires further discussion as to its role (or lack thereof) in the 
changes occurring in the Argolid at this time. 
 At the same time, the existing evidence for terracing shows a potential 
change after the Bronze Age. The terrace walls which were identified as being 
later than Mycenaean fall mainly around the modern slope preference, with only 
an outlying few on slopes in the range of the Mycenaean preference. The 
difficulty lies in determining whether this was an intended change, or the result 
of a preservation curve resulting from erosion on the higher-grade slopes. While 
the sample is small, illustrated by gaps in the histogram, the existence of an 
apparent even distribution around the mode seems to indicate that no 
preferential destruction has affected the sample.  
 The curve represented by the Mycenaean elevation dataset shows 
that, for elevations below the mode, frequencies increase rapidly. At elevations 
above the mode, however, frequency drops rapidly at first but then slows. This 
curve further suggests that the observed terraces correspond to a single system 
and that higher-elevation terrace walls are preserved, as the curve would 
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describe a situation where slopes were terraced less frequently at higher 
elevations, but in such a way which utilized as much eligible slope as possible.  
 The reason for this change in slope distribution is unclear without 
extensive coring and sedimentological survey. However, two possible causes 
may be proposed: changes in agricultural practice which necessitated lower 
reaches of the valleys to be cultivated; or soil loss on the slopes resulted in higher 
slope areas being unfeasible or unavailable. A functional explanation seems 
unlikely, as it would not explain similarities between terrace placement in post-
Mycenaean antiquity and the modern era, given the definite changes in 
agricultural technology. It does, however, seem at least possible that this change 
(however slight) reflects changes in usable land surface, whether by perceived or 
actual damage, resulted in a shift of focus to lower-grade slopes at some point in 
the Mycenaean period or after. Such a shift, perhaps from unusually strong 
seasonal fluctuations in precipitation may provide an alternate explanation to the 
low-grade terraces identified at Korphos-Kalamianos, rather than the 
organizational-territorial hypothesis expressed by Kvapil (2012; see Chapter 6). 
Human Intervention 
Perhaps more important than whether or not the changes in the terrace 
placement reflect post-Mycenaean landscape change is the conspicuous absence 
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of terraces on the banks of the Longaki channel (FIG. 29), the most likely source of 
the red muds found throughout the watercourses and over the Mycenaean 
remains at MYCLT (Chapter 4). Furthermore, the GIS reclassification based on 
the slope, elevation, and aspect of the discovered Mycenaean terrace walls 
suggests that this area would not have been chosen for terracing (FIG. 43). While 
it might still be possible that the soils were destabilized by anthropogenic 
processes not requiring terraces, such as clearing, goat pasturing, or the 
harvesting of wild plants, it is unlikely that soil loss in this micro-region was 
driven by the decay of landscape management structures, as has been the 
working hypothesis. 
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CHAPTER 4: SEDIMENTOLOGY AND MICROMORPHOLOGY OF 
“NATURAL” DEPOSITS OVER THE LOWER TOWN OF MYCENAE 
 
LH III Architecture 
Two apparent LH III walls, wall A and wall B (FIG. 46), appear to protrude 
through the intervening fills, predating them. Wall A, the more easterly of the 
two walls, was exposed to a length of approximately 13.5 m and runs from north 
to south. Wall A is partially destroyed, and the level of reddish-brown fills can be 
observed as it poured through the gap left by the destruction, with the level of 
the sediment being slightly higher to the east and dipping to the west.  Wall B 
extends roughly 14.3 m northwest to southeast (heading 160°) before turning 
west for 11.5 m (heading 262°). Wall B does not appear to have been breached by 
the reddish-brown sediments, which extend north along the westward extent of 
the wall. Both walls are built in a combination of coursed and un-coursed, 
cyclopean-like masonry with dressed faces. The size of these walls is curious, as 
no dependent cross-walls have been found. This unique feature has led the 
excavators to interpret these as either enclosure walls or retaining walls. It is 
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important to note that Wall B, for its northwest-southeast running length, is 
parallel to the orientation of the later period stream, and by extension the basin 
forming this stream and the Oil Merchant complex built in this basin. 
 
Chronology 
The sediments to the west of Wall B, for the majority of their depth, did not contain 
small finds or ceramics. One feature, a possible foundation trench, preserves a 
Figure 46. A) The general location of the Mycenae Lower Town (MYCLT); B) Plan drawing of 
the site showing the Late Helladic walls (A and B); C) Aerial photograph of the MYCLT site 
showing the location of the two main sedimentary sequences (I and II) discussed in this 
dissertation. The walls appear to have retained the sediments in such a way that Sequence I 
covered the site as the result of flooding from the Khonia channel to the east, while Sequence II 
accumulated vertically to the west of wall A. 
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single diagnostic sherd identified as LH III B. Wall A, although excavated, 
preserves no apparent foundation trench. Neither wall preserved diagnostic 
pottery in the joins between the stones. The date of LH III B for Wall B, then, is the 
best terminus post quem for the deposition of the overlying sediments. This date 
would seem to correspond with the deposition of muds at Chania Argolida (see 
Chapter 1) in LH III C. 
 
General Stratigraphy 
The depositional sequence can be divided into three general periods, 
being the eroded surface of the Plio-Pleistocene scree deposits overlain by an 
intermixed slope and alluvial deposits, over which a weak A-horizon develops 
and deposition stabilizes. The lowest levels appear largely devoid of architecture, 
Figure 47. Aerial photograph of MYCLT (A) and trench photos (B and C) showing the succession of 
coarse deposits from deep to shallow across the site (red, green, blue, yellow, respectively). The deposits 
indicated in red appear to result from the destruction of adjacent walls, and as a result contain larger 
blocks. Below this coarsest deposit (C) appears to be finer muds and gravels, representing earlier floods 
from the Khonia. 
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with the only structures which lay below the alluvial/colluvial deposits being 
Wall A and Wall B. The sediments of the site come from two different sources, 
with Sequence II appearing yellow-grey in color, consisting largely of fine sandy 
mud. Sequence I, on the other hand, comprises reddish-brown muds with 
frequent sub-angular gravel and “carpets” of cobbles which appear to separate 
the deposits into distinct events (FIG. 47). The burial of the LH III C tumulus at 
Chania Argolida (Chapter 1; Palaiologou 2014) allows us to suggest that the 
burial of the site occurred sometime after the construction of the wall, in LH III 
C. 
 The most readily dated feature of the site was a cist grave containing a 
single adult female in contracted position with five ceramic vessels (two small 
footed jars with perforated lug-handles, a small pithoid vase, a decorated pyxis, 
and a decorated one-handled cup) as well as an iron pin and ring. The pots are 
identified as late 9th century Argive, suggesting that accumulation over the site 
had already stopped before this time. Geometric Period repair to the wall is 
visible in the trench dug along the wall. This phase of construction and this 
surface appears to be associated with three cobble stone features, perhaps pillar 
bases, with their own foundation trenches which radiate from Wall B, but are 
constructed at the top of the fills, possibly representing a monumental, stoa-like 
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structure. Four slab-covered infant burials and the geometric cist grave suggest 
that the structure is related to the use of the site as a cemetery. 
 The later identifiable remains overlying the site, the identifiable of which 
appear to be an archaic well or cistern, an archaic complex for processing grain, 
and a possible Hellenistic ivory workshop, attest to a re-expansion after the 
geometric period, and an absence of any Classical material corresponds to the 
Figure 48. Full stratigraphic section of MYCLT Sequence I, showing layer observed in the field. Yellow 
highlighted bands represent finer banding taken to represent the basal subunit of the flows. Arrows 
show direction of grading within increments of Facies 2. Bottom image shows the placement of slides 
on the sampled blocks. 
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siege of Mycenae by the Argives, which left Mycenae abandoned for much of the 
Classical Period. It is worth mentioning that the MYCLT site is within the area 
occupied in the Early and Middle Helladic periods by the so-called “Prehistoric 
Cemetery,” which appeared to have fallen into disuse by the Late Helladic. 
 
Stratigraphic Observations: Sequence I 
The deep exposed section through Sequence I overlies a thick layer of large 
limestone blocks which appear to represent destroyed architecture. As no 
cultural material was recovered from Sequence I there appear to have been no 
LH structures to the east of wall A, at least in the area excavated. The GPR 
confirms that the closest building (unexcavated, period unknown) is 20–30 m 
away, in the direction of the Khonia channel. Initial micromorphological and 
geomorphological analyses, conducted by P. Karkanas, reconstructs a series of 
“water flows” overlying an earlier surface prone to flooding and small channel 
formation (P. Karkanas, pers. comm. 2013). The reddish appearance of the soil in 
the field to the east of the excavated site confirms that Sequence I runs 
continuously from the channel to the site (P. Karkanas, pers. comm. 2013). Red 
sediments across the site are bounded by discontinuous cobble “carpets” likely 
resulting from the buoyancy of coarse clasts caused by turbidity currents during 
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transport, these  would seem to separate the sediments into multiple events (2 to 
4) rather than a single “catastrophe” (FIG. 48). Further observation, in the deepest 
exposed section, of reverse grading, turbidity structures, coarse clast flotation 
and traction bedding allows the tentative identification of 5 possible overlying 
flow deposits, the deepest of which overlies the fallen limestone blocks (FIG. 48). 
This section was sampled for micromorphology, granulometry, and XRF analysis 
(see Chapter 6). 
 
Figure 49. Ward’s Method cluster analysis (for gravel/sand/mud distribution), classified at 4 groups, 
where the groups appear the most continuous with depth along the profile. Sample number corresponds 
with depth, with 1_1 being the highest and 1_30 being the lowest. 
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Optical Graulometry Results: Gravel Contributions 
Gravels present near-horizontal orientation on the visible axis, which 
approximates the direction of flow, with a slight angling away from the channel, 
as would be expected with overbank flow. Fine gravel dominates, with a mode 
of 1.35 cm, with compact, relatively rounded cross sections (compactness = 0.87). 
Elongation follows a normal distribution (mode = 0.65). The consistent 
unimodality of the gravels suggest that they (the gravel-sized clasts of Unit I) are 
from a single source. 
Figure 50. Graph of grain-size distribution for Sequence I. Highlighted blocks represent fluctuations in 
gravel which seem to correspond to increments within the debris flows. 
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Sedimentology and Micromorphology, Sequence I 
While microfacies analysis is a proven tool in micromorphological analysis, the 
chaotic structure and wide range of grain-sizes present in the sediments make 
analysis on this scale less than ideal. For the sediments at Mycenae, facies 
analysis, the identification of suites of sedimentological features indicative of 
consistent transportation processes, was use in order to identify the depositional 
units represented by the sedimentological record. Granulometric and macro-
scale field observations provided the framework for organizing the facies. 
Micromorphological observations of diagnostic soil and sediment features (oxide 
nodules, CaCO3 coatings, and spiral grain alignments indicative of turbidity 
currents) were then used to confirm the modes of transport and to detect possible 
hiatuses in deposition.  
Cluster analysis (Ward’s method) was used to determine the degree of 
similarity and difference in the samples (FIG. 49), particularly with the intention 
of discerning sub-facies, the simple hypothesis being that, if facies were 
identifiable in the sequence, then groups of sequential samples (representing a 
certain time span of deposits) would be internally similar and externally distinct. 
Despite their apparent chaotic variations with respect to gravel content observed 
in the field, the sediments appear to cluster according to depth. The sediments of 
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Unit I are best described as muddy gravels or muddy sandy gravels. These 
gravels, which were transported by sandy mud and muddy sand, are 
characteristic of hyperconcentrated flows. Fluctuations in gravel content appear 
to reflect individual flows within the debris flows, with said fluctuations roughly 
matching with observed debris-flow features (FIG. 50). 
Cluster Analysis, viewed at four groups (FIG. 49), conforms to observations 
made at the macro (section) scale: muddy gravels at 0–25 cm, 25–55 cm, 60–100 
cm, and greater than 100 cm of depth. The Grain size analysis of Sequence I 
Figure 51. Facies 1 microphotographs; A) Photomicrograph (LT13sa, XPL) showing the general 
microstructure of this unit, with faint laminar alignments of silt (yellow arrows), as well as one weak 
galaxy structure arranged around a sand clast (pink arrows) and reworked CaCO3 hypocoatings and 
nodules  (white arrows) and oxide nodules (black arrows); B) Decalcified zone (LT13fa , PPL) showing 
reworked CaCO3 nodules (white arrows), likely originating from the original deposit, and weak 
hypocoating development (Yellow arrows with white borders); C) CaCO3 pendant near the bottom 
of the observed sequence, showing strong development in a wetter (a) and drier (b) environment, 
decalcification of the surrounding matrix appears to have followed the formation of the pendant. 
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appear to represent two or three periods of debris flow. Granulometry of the 
sequence shows three distinct intervals. A closely related subgroup in the second 
group coincides with a decrease in limestone clasts observed in the field and 
would seem to indicate the presence of a second debris flow following the initial 
event. A change in elemental composition, at 125 cm depth, coincides with the 
top of a cobble layer at the base of the sequence and appears to mark the contact 
between the basement sediments and the overlying Holocene flows.  Above this 
contact, clusters alternate, reflecting the chaos and mixing associated with 
gravity-transported flows.  
 
Facies 1: Fine fraction of initial coarse boulder deposit 
The bottom-most deposits, which appear to comprise the bottom 40 cm of 
the excavated section (115–155 cm), are the sandiest deposits, and samples 25–30 
are the closest-grouped in terms of sand/silt/clay proportions. Sample 21 appears 
to have been taken across the contact with these lower deposits, being different 
in sand/silt/clay distribution but similar in gravel/sand/mud distribution.  
The bottom of the micromorphologically-sampled column, Sample 13, 
preserves a 5 cm band of imbricated and moderately sorted fine and medium 
gravels, with a clear contact with more openly-spaced and poorly sorted fine-
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through-coarse gravels above. This facies appears to be deposited in two thin 
increments, each capped by a higher frequency of imbricated pebbles. The 
microstructure is generally clast-supported with some zones of chitonic and 
gefuric coarse-fine distribution. The coarse-fine boundary for these sediments is 
between silts and clays, likely a result of cleaner-water flow which did not result 
in a porphyric distribution but rather the coating of the limestone clasts, a 
characteristic of gravel-rich debris-flows (Bertran and Texier 1999).  The observed 
packing is complex, with zones of cubic packing in the uppermost imbricated 
fine pebbles, and spheric/hexagonal packing in the lower increment. 
Approximately 10% of the fine gravels are radiolarian, likely reflecting an origin 
in the upper Longaki channel.  
Coarse-fine distribution within this layer is porphyric, with some granular 
structure and vughy porosity likely resulting from bioturbation (FIG. 51A) and 
some decalcified zones of the same fabric (FIG. 51B). One observed calcite coating 
is very well developed (0.5 mm), preserving a mixture of calcite and clay, 
resulting in clean and “dirty” zones within the coating (FIG. 51C). That the 
coatings are well developed suggests a period of surface stability, with not net 
accumulation within 20–40 cm elevation above this layer. The CaCO3 
development and microstructure of this layer are similar to that in layer of red 
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muddy gravels underlying Sequence II (see Chapter 6), suggesting this event 
covered the entire site. 
 
Figure 52. General fabric of supporting muds in Facies 2, increment 1; A/B) Comparison of birefringence 
between the fabric of Facies 2 (A) and Facies 1  (B) in slide LT14sb, strong galaxy feature in B illustrated 
pink arrow (XPL); C) Formation of void coatings and hypocoatings (white arrows, yellow outlines) (LT13sc) 
with curved alignments of fine sand and silt (yellow arrows)(XPL); D) Large reworked CaCO3 nodule 
indicative of carbonate formation in the parent material (LT 14 sb, XPL). 
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Facies 2: Coarse Debris Flows 
The remaining deposits appear to represent large-volume debris flows, 
likely in three events, listed here as “sub-facies.” These supposed 
hyperconcentrated-flow deposits account for over 1 m of the section consist of 
sandy mud supported gravels (10.7–12.5% of total weight) and are better 
distinguished by their gravel content, with the lower 40 cm (increments 1 and 2, 
Figure 53. Fabric and carbonate formation in Facies 2; A) Decalcified muds, supporting fine and medium 
angular through round sands and displaying some weak Mn nodule formation (black arrows)(LT16f2a, XPL); 
B) Weakly developed (0.5 mm) micritic CaCO3 pendant, decalcified and having suffered from leaching due to 
rainwater percolation (LT16f2d, XPL) some Mn nodule formation is also evident (black arrows); C) CaCO3 
pendant exhibiting more chaotic structure in a weakly calcified matrix, overlying the remnants of a thinner 
micritic coating (LT16f1a, XPL). 
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55–95 cm depth) of the deposits containing a greater percentage of clasts larger 
than 2 mm.  The contacts between facies 2b and 2c and between 2c and 2d are 
apparently represented in the field by carpets of cobble-sized clasts. These 
carpets are laterally discontinuous, but appear in multiple locations. The upper-
most carpet, representing the top of the final increment, is best visible where 
Sequence I abuts Wall B. 
Fabric and microstructure of these deposits are fairly uniform, comprising 
decalcified red-brown clays supporting poorly sorted silt through gravel (FIG. 
52A AND B). Coarse-fine distribution is notably heterogeneous, ranging from 
gravel supported to mud supported sands in an open porphyric distribution. 
Most commonly, gravels are in close-to-single porphyric distribution, Porosity of 
the fine fraction is difficult to ascertain, due to the shifting of some gravels 
during sampling and transport. However, where sizeable zones of fine matrix are 
preserved, porosity is dominated by chambers and channels, with no visible 
faulting or other porosity features generally diagnostic of debris flows. 
Recrystallization of calcite is visible in certain zones of the column, and is most 
common at the bottom of the sequence. In most cases, fine and very fine gravels 
are absent. Arcuate, or rotational features are common, both with and without 
“central grains,” indicating that the surface of the thin sections, or rather the 
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“face” of the block samples, is parallel to the direction of flow (FIG. 36B). 
Carbonate features include weakly developed coatings and hypocoatings on 
voids (FIG. 52C) and reworked (disorthic) nodules from the parent material (FIG. 
52D). 
 
FACIES 2A 
Facies 2a rests between 95 and 110 cm below the geometric surface and consists 
of reverse-graded fine through coarse pebbles. Some turbidity structures are 
visible in the polished section as arcs of rotated platy or prolate very fine gravel. 
The bottom of this unit (Slide 14fa) is characterized by openly-spaced porphyric 
arrangement of fine gravels within the mud fraction.  Thin carbonate coatings are 
visible on the clasts. Entrained sand grains are visible around larger clasts, a 
product of the fluid dynamics of the flow. Rotational structures, represented by 
oriented sand and silt grains following an arcuate trajectory, are frequent, likely 
and a product of hyperconcentrated flow over an irregular surface (Phillips 
2006), which is generated by the underlying boulders. Development of CaCO3 is 
represented here by micritic coatings along chamber surfaces and thick 
hypocoatings on voids. 
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FACIES 2B 
Facies 2b lies 60 cm to 95 cm below the Geometric surface and is represented at 
its contact with the underlying Increment 1 by a “traction bed” consisting of 
subangular coarse gravels canted 45°in the direction of flow. That these clasts are 
supported at such an angle, with entrained very fine pebbles, suggests that they 
are the bottom, traction bed of the increment, rather than “floated” clast within 
or at the surface of a flow.  
 Macro-scale and micro-scale investigation shows turbate or “galaxy 
structures,” common to lower depths of debris flows (Phillips 2006). Galaxy 
structures are identified by arcuate arrangements of clasts, with or without a 
central clast. These structures are generated by turbidity flows caused by internal 
grain interactions and the movement of a sediment flow over irregular surfaces. A 
large wedge-shaped feature consisting of fine-through-medium pebbles appears 
to be part of a large turbidity structure, entrained in the same deforming process 
with generating an underlying arc of medium pebbles. At 2x magnification, 
turbidity deformation is also visible in curved orientations of coarse sands. 
Imbricated fine pebbles at the bottom of Sample 16 appears to represent the surface 
of Increment 2 (cf. Major 1998) in the absence of larger “floated” clasts. The large 
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size of the cobbles found in this increment suggests that Increment 2 of the 
overlying flows was the highest energy event at this location. 
 
FACIES 2C 
Facies 2c falls above the top carpet of Increment 2 and is found from 35 cm to 60 
cm. On the macroscopic scale, large cobbles can be seen resting on the carpet of 
coarse and very coarse gravels.  This layer represents the largest input of coarse 
gravels and cobbles to the site, represented by a maximum in both the optical 
granulometry (which includes cobbles) and the traditional grain-size analysis.  
The spacing of sands in the mud matrix is largely single porphyric, within 
minimal porosity (FIG. 53A). In between larger clasts, sands are largely absent in 
the matrix (FIG. 53B). While CaCO3 pendants with weak layering are present (FIG. 
53B), increasing “dark” zones of matrix, exhibiting no birefringence, are likely the 
result of leaching due waterlogging. This observation is supported by the 
appearance of infrequent weak Mn nodules appearing in the same decalcified 
regions Areas of clasts support are more frequent for this layer. One micritic 
calcite pendant in the unit exhibits lessened birefringence (FIG. 53B), suggestive of 
decalcification. 
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Facies 3 
Facies 3 presents a markedly different character than the underlying 
increments. There is a drop in the frequency in coarser gravels and cobbles, while 
fine gravel is more densely distributed. That this increment is the result of lower 
energy processes is indicated by close, hexagonal (spherical) packing and an 
increase in the percentage of mud. As identified by cluster analysis, the 
Figure 54. Facies 3 fabric; A/B) General microfabric of Facies 3, show weak horizontal alignments (yellow 
arrows) and a general absence of galaxy structure, as well as the poorly sorted, sandier coarse fraction, 
reworked Mn fragments (black arrows) indicate a wetter parent material, one weak clay coating is present 
(red arrow) (A: LT19fc, XPL; B: LT19fd, XPL); C) Calcite hypocoatings and coatings on voids (white arrows) 
(LT18sb, XPL).  
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sediments of this unit are very closely related. The top-most sample (MYCLT1_1) 
is significantly sandier (26.7%, opposed to 12.3–16.4% total weight) and has a 
slightly lower clay content, suggesting surface exposure. At the macroscopic 
scale, gravel orientations ae near-horizontal and evenly spaced, as contrasted 
with the frequent rotational features in the underlying deposits. At the 
microscopic scale, the final increment is the most distinct, being more 
homogenized and preserving less distinct microstructure. The coarser sands and 
pebbles are sub-horizontally oriented, rather than arranged in galaxy structures 
(FIG. 54 A and B). This difference in structure is likely to be a combination of less 
turbulent flow and bioturbation. The occurrence of channel and chamber 
porosity is more frequent, and some slides preserve pelletal structure in the 
higher elevations. Reworked oxide nodules attest to parent material originating 
in a wetter environment (Elles et al. 1994; Hseu and Chang. 1996), and lessened 
birefringence observed in slides from blocks 16 through 19 would seem to reflect 
the leaching of carbonates by the passage of water, followed by weak pendant 
formation from carbonate filtering down from higher in the soil column (FIG. 54 B 
and C). Only one ceramic clast (< 2 mm) was retrieved during sieving of gravels 
and sands for granulometry, and only in the topmost 5 cm of the sequence. 
Granulometry appears to reflect an anthropogenic character for the top-most five 
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centimeters, as this sample (bulk sample 1) clusters with the brown deposits 
originating from the citadel both in terms of grain size (see Chapter 6) and 
chemical composition (see Chapter 7). This similarity may be due, in part, to 
percolation of moisture and the migration of sediment during soil formation, 
blurring this contact. The change in color, observed in the upper 10–15 cm of this 
sequence, to a lighter pink, appears to be the result of soil formation, rather than 
a change in source caused by the inclusion of sediments from the south slope of 
Figure 55. A) Sampled paleosol from the paleosol on the northern bank of the Longaki; B) Block scan, showing 
the location of the slide as well as the infrequency of gravels in this deposir; C) Photomicrograph (XPL) of the 
general microfabric of the paleosol, note the birefringence, caused by recrystallized calcite (whie arrow). 
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the acropolis. The reworked oxide nodules, rather, seem to confirm that these 
soils are redeposited from a more riparian-like environment, such as that 
observed in the abandoned channel of the Longaki and its banks (see Chapter 
4)(FIG. 54B). 
 
Potential Sources: Slope Soils 
In addition, four micromorphological samples were taken from geological 
deposits along the river as a comparison to the sediments in the Lower Town. 
Micro-facies sampled included: the shallow neo-formed regolith on the 
northwestern foot slope of Zara, developed Holocene soils from relict terraces on 
the southern scree of Zara, and in situ and reworked paleosols from the southern 
scree slopes of Profitis Elias. These samples, and the descriptions of examined 
scarps are included in this chapter to provide an understanding of the soil 
materials which contribute to sediment flows in the channel. 
 
Pleistocene Slope Deposits 
There is little doubt that the erosion of the red Pleistocene paleosols and 
scree deposits on the southern slope of Profitis Elias is a contributing factor to 
sediments in the area, as can be seen in sections in the goat pastures along the 
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northern bank of the modern stream channel (FIG. 55).  These sediments are 
characterized by a calcareous light orange-pink matrix, calcareous and light in 
color with relatively few gravel inclusions. The deposit is characterized by the 
same orange sediments, although two facies can be distinguished: fine facies 
resulting from alluvial and lacustrine transport; and chaotic mud-supported 
gravels.  Carbonate and Mn nodule formation are evident in thin-section, with 
the Mn formations appearing to be overprinted by the calcite. Large, well 
organized pendants of sparitic calcite are frequent. The matrix is calcareous mud, 
as reflected in the light color under cross-polarized light, as opposed to the 
MYCLT debris flows, which are apparently decalcified. 
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Zara Sample: West Face 
Soil development on the west slopes of Mount Zara, opposite from the Lower 
Town on the eastern bank of the Khonia channel is weak, owing to the slow 
erosion of oxidized clays from the Triassic/Jurassic carbonate bedrock (FIG. 56). 
The Matrix is a red clay with concave-shaped semi-reacted limestone fragments 
(small pebble-sized). There is little evidence that suggests bioturbation, rather 
this represents the chemical weathering of the limestones to produce the mud-
supported gravels which characterize the slope soils. Faint calcium pendant 
Figure 56. Thick section and thins section of superficial slope soils on the slopes of Mount Zara facing 
the MYCLT site. Note the bright color, caused by cemented calcite, and irregular shape of the rock 
fragments, generated by dissolution and fracture from the bedrock. 
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formation is visible, with no reworked soil carbonates. The absence of reworked 
soil features is likely the result of frequent erosion and the resultant young age of 
soils on the steeper slopes. 
 
Zara Sample: Southern Terraces 
The sample of developed soil on Mount Zara was taken from the southern talus 
of the mountain, where Mycenaean terraces had been identified during the 
original Mycenae Survey. Whether this is a natural lynchet or remnant terrace is 
unclear, as there was no preserved wall (FIG. 57). The number of preserved scarps 
in this area, however, makes the existence of a mostly-collapsed terrace in the 
area probable. Gravels are relatively infrequent, but seem to be arranged in two 
lines in the exposed scarp, likely preserving a traction bed from debris flows 
which accumulated behind the terrace. It would appear then, that if these soils 
represent artificial terraces, which they functioned as check-dams, filling 
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naturally. It is notable, however, that these soils are largely decalcified, having 
the same low birefringence as the MYCLT sediments. 
 
Figure 57. Sampling on the southern talus slopes of Mount Zara. A) Developed soil in relict terrace or 
natural lynchet (no wall present); B) Scanned block showing poorly sorted gravels in a red mud matrix 
as well as arcuate arrangement of fine pebbles resulting from colluvial processes; C Photomicrograph of 
poorly sorted sands in a single to open porphyric distribution, note the arcuate arrangement of fine sands 
(pink arrow) attesting to colluvial (hyperconcentrated flow) deposition. 
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Sourcing: Conclusions 
While the comparative samples from the southern terrace on Zara are not likely 
to be the source for the MYCLT debris flows, they bear the strongest resemblance 
to the on-site sediments in terms of soil carbonate, coarse-fine distribution and in 
the general absence of re-worked features. The sediments from the Lower Town, 
then appear to be redeposited Holocene slope soils, developed from limestone 
slopes and decalcified during sub-aerial exposure. The best candidate for the 
source of the sediment, with the features in mind, would be the observed 
accumulation of decalcified soil at the eastern extremity of the defunct Longaki 
channel, where the 2 km-long fault turns westward to approach the citadel. 
 
Discussion: Post-palatial Debris Flows at Mycenae 
The red-brown deposits over the eastern portion of the Mycenae Lower Town 
site appear to represent post-Bronze Age hyperconcentrated flows originating 
from the Longaki drainage, likely accumulations of Late Pleistocene slope soils 
from the northern slopes of Mount Zara, along the eastern extremity of the main 
fault which forms portions of the channel. Taken in concert with the LH IIIB 
alluvial event at Tiryns, and the burial of Chania Argolida by similar red muds 2 
km down-grade along a different stream (Chapter 1), the instability of slopes at 
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the end of the Bronze Age appears to have been more systemic, more likely 
resulting from a combination of seismicity, changes in precipitation, and broader 
climate trends which reduced vegetation and its stabilizing effect on the 
landscape. 
Subaerial sediment flows are a feature of varied environments (Texier and 
Meirles 2003) as they can result from high-intensity precipitation, reduced 
detrital groundcover, and landscape features which focus runoff (Renau and 
Dietric 1987; Hubert and Filipov 1989; Van Steijn 1991; Blijenerg 1993).  The 
multiplicity of (2–4) events depositing muddy gravels is best explained by a 
longer period of instability, rather than a single “catastrophic event.” The likely 
occurrence of an earlier flood (Unit 1) and related adaptation to irregular stream 
activity and erosion (Walls A and B, channel revetments in the Khonia, and the 
engineered highways in the region) suggest that these conditions existed, if to a 
lesser degree, before the abandonment of Mycenae in at the end of LH IIIC, 
negating the argument that deposition was initiated by “gradual abandonment 
or destruction of the Mycenaean Engineering Projects” (Mycenae Excavations 
2017). 
Precipitation-induced subaerial flows are common in many environments, 
and often occur on less-vegetated higher-elevation slopes. Risk of slope loss in 
 156 
such environments is a function of hydrology, surface morphology, landslide 
history, and the general area and morphology of the catchment itself (Chen et al. 
2007). Instability of slope soils with respect to rainfall volume is primarily 
affected by pore pressure, with thinner soils being more susceptible to failure 
with a lower volume of absorbed moisture (Zhang et al. 2014), with rainfall-
induced landslides often occurring on slopes between 20% and 40%. Karstic 
features increase exposure to moisture, making failure more likely (Zhang et al. 
2014). As such, the thinly developed soils on the slopes of Zara are highly 
susceptible to failure by virtue of their shallow depth and lack of development. 
This assertion is supported by observations of modern landslides, rock 
avalanches, and rill erosion on the slopes of Mount Zara as well as erosion scars 
visible on the face of the mountain and even on the sheltered slopes in the 
vicinity of the Longaki.  
It is of further interest that the likely source of these sediments lies in a 
micro-environment which has been the subject of seismic perturbations (See 
Chapter 4; Maroukian et al. 1996), during the same period. Earthquakes are 
observed, in modern hillslope environments, to frequently result in debris flows, 
even initiating slope-loss where long-term dry conditions have created 
vegetative and sedimentological conditions resistant to drought-related wasting 
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(Chen et al. 2014) or on slopes with significantly less sediment burden than might 
normally induce mass movement (Zhang et al. 2014). Furthermore, destruction of 
vegetation caused by earthquakes and resultant erosion may have long-term 
impacts of sediment input (Zhang et al. 2015). Unfortunately, the ability to 
correlate earthquakes with the landslide is currently limited by the absence of 
fine-scale chronological data for either. Nevertheless, the apparent increase in 
volume of hyperconcentrated flows at Mycenae may be interpreted as a result of 
an increased risk of slope failure following seismic activity.  That these events 
appear to have increased roughly at  the same time as the  LH III B  torrential 
flows at Tiryns suggest a greater geographic scale to unstable conditions than 
previously supposed.
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CHAPTER 5: SEDIMENTOLOGY AND MICROMORPHOLOGY OF 
SEDIMENTS ERODED FROM THE BUILT ENVIRONMENT OF MYCENAE 
 
Introduction 
While it is likely that sedimentation along the banks of the Chavos, represented 
on-site by Unit I, was not the result of direct anthropogenic disturbances (see 
Chapter 3), the sequence from the western half of the site, Sequence II, appears to 
have been transported directly from the area up-grade from the “Lower Town,” 
where the LH III “House of the Oil Merchant” complex is located (Karkanas, 
forthcoming) (FIG. 58). To the northwest of the citadel, and located in a different 
watershed, the site of Petsas House preserves ca. 1.3 m of post-Bronze Age slope 
deposition (see below). 
The two sites (FIG. 58) flank the ridge of Pezoulia, which connects the 
Panagia ridge to the acropolis, and are close in elevation to the top of the ridge, 
meaning that eroded sediment had to originate from the area immediately to the 
east of the citadel, where the parking lot and entrance to the modern 
archaeological site are located. As such, observed colluviation in MYLT Sequence 
II and at Petsas House are here taken to represent erosion from abandoned high-
activity archaeological areas at the end of the Bronze Age. 
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MYCLT sequence II and Petsas House 
Lower Town Sequence II 
A strong positive linear anomaly from in the magnetometry data from MYCLT 
conforms to a channel also discovered via least-cost path analysis, indicating a 
likely paleochannel running in the basin between Panagia Ridge and the 
Acropolis hill (FIG. 58). Excavation further supports existence of a channel here, 
Figure 58. Google earth imagery showing the relative positions of Mycenae Lower Town (MYCLT) and Petsas 
House (MYCPH) to the citadel and the two adjacent waterways: the Khonia/Chavos and a minor seasonal 
tributary discovered via spatial and geophysical analysis (left, courtesy R. Shears and A. Stamos, DEPAS). 
The red-brown arrow shows the direction of flow of Sequence I, while the tan arrow shows the direction of 
flow of Sequence II (discussed below). 
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as a developed stream profile overlies archaic remains in the northwest of SWBII. 
Weak channel structure is visible in some of the sediments at shallower depth, 
dating likely to the post-Archaic periods (see below). The post-Mycenaean 
deposits in the area represent a change in the transport regimes on the formerly 
inhabited slope which buried the Lower Town in two periods: post Bronze-Age, 
and Post-Archaic.  
 
Petsas House 
In June and July of 2013, sampling was conducted at the Petsas House Site north 
of the citadel. The site was chosen for its importance as an extra-mural (outside 
the citadel) residential structure and its unique architecture, being cut into the 
hillside, rather than built up on terraces which held promise for understanding 
the movement of sediment down the slope after its abandonment (see Chapter 1). 
 
Sedimentology and Micromorphology 
Importantly PCA show the separation between MYCLT Sequence I, the 
presumably “natural” debris flow deposits (FIG. 59, pink) and the sediments from 
settled areas represented by MYCLT Sequence II (FIG. 59, dark red) and  
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MYCPH (FIG. 59, blue). The cluster analysis is significant, as it shows no clear 
separation in texture between the Petsas House and Lower Town “site-derived” 
sediments. The positioning of these two deposits implies that the extra-mural 
areas to the west of the Lions Gate experienced a significant degree of erosion 
following the Late Bronze Age abandonment of the citadel. 
 
Figure 59. Principle components analysis of grain-size results for MYCLT sequences I (pink), II 
(red), and MYCPH (blue). The two “anthropogenic” sediments, MYCLT II and MYCPH, cluster 
more closely than does the natural sediment (MYCLT I). 
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Mycenae Lower Town  
Viewed on a site (macro) scale, the stratigraphy of Sequence II is relatively 
simple, consisting of a thin (5–10 cm) stratum of medium to coarse gravels 
overlain by larger limestone blocks apparently representing a destruction layer, 
and approximately two meters of matrix-supported massive sediment. In the 
northern portion of its extent, a lens of large cobble sized blocks is located within 
the finer accumulation, appearing to be the result of rapid transport and 
deposition by flows moving over the westward curving northern extension of 
Wall B. The thick carpet of fallen construction blocks and smaller rubble appears 
to thin southward, from one meter to the north to a single block (10–20 cm) 
south. To the south, beyond an exposed east-west running cross-wall the 
deposition is different, lacking the clear fine-to-sandy progression and with a 
destruction layer consisting of cobble, rather than larger blocks. 
The bulk of the overlying sediments (C) of Unit II are gravelly muds and muddy 
gravels. The representative section analyzed via micromorphology and 
sedimentology shows little variation, and no clear stratification, however two or 
three observations may be made. The greatest occurrence of clasts medium 
pebble-sized or greater appears to occur in the top 30 cm, while an increase in 
fine pebbles at 75–85 cm depth. Below this, the sediment was noticeably finer, 
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with no noticeable coarse clasts. These fines overlay the fallen architectural 
stones, at the bottom of the sequence (B). Cluster analysis (Ward’s Method) of the 
grain-size distribution of clay through very coarse gravels show two distinct 
groups which correspond to the depth ranges 0–80 cm and 80–125 cm. 
 
Initial “Flood Deposits” 
Blocks MYCLT28 through MYCLT32 (FIG. 60) are interpreted as representing the 
excavated contact between the fine muds of Sequence II and the original Chavos 
gravels which covered the entire site, presumably during a brief episode before 
Figure 60. Position of samples 28–32, representing the contact between Sequence II and the 
underlying red muddy flows. 
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the construction of Wall B. The inception of deposition over the site appears to 
have been the dark, decalcified reddish sediments in a thin layer of 
approximately 10 cm, represented by poorly sorted fine through medium muddy 
gravels (Slide LT 28 fb). This thin layer appears to overlay older mud-and gravels 
(Slide LT 28 fa) which show micritic calcite root casts, pendant, and cement 
within the matrix. While the sediment of the basal layer is not truly “cemented” 
it is worth noting that these features are not present in situ in the overlying 
layers, with the important exception of thin pendant development, apparently 
representing hiatuses in deposition (see Chapter 7). There are no anthropogenic 
inclusions within this layer, however a small (2 mm) angular ceramic clast is 
located at the contact between the red sediment and the overlying brown 
sediments of Sequence II (see below). These sediments may represent the only 
observable proof of the conditions before the construction of the walls, a 
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superficial debris flow which buried an older, Pleistocene surface (P. Karkanas, 
pers. Comm. 2013). The absence of a “knife sharp contact” or slaking crusts, 
Figure 61. Full sampled section of MYCLT Sequence II, showing the contact between Facies 1 and two 
(bottom line) and potential soil formation (top line). The numbered column in the center shows the two 
main clusters determined via Ward’s Method cluster analysis of the grain-size distribution. The sampled 
section is the tallest exposed scarp of Sequence II, four meters to the west of Wall A. 
 
 166 
though far from definitive, as well as angular fine gravel rip-up clasts at the 
contact suggest that the surface of these initial flows was not exposed long before 
the inception of the debris flows which form the bulk of Sequence II (see below). 
This contact is also visible to the north, below the carpet of transported blocks 
(FIG. 60).  
 
Lower Town Sequence II 
The upper 1.25 m of Sequence II was sampled near continuously in 8 
micromorphological blocks crossing two observable sedimentological facies and 
one episode of soil formation (FIG. 61). The bottom of the sequence, which lies 
between and above the layer of displaced construction blocks, is classified as a 
slightly gravelly-through-gravelly sandy mud with a narrow range of silt/clay 
ratios (4:3 to 9:8) and few gravel-sized clasts (5.5–12.7%). The bottom 30 cm of the 
cluster show closer grouping than the overlying sediments, being finer in general 
and being classified as slightly gravelly sandy mud. 
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FIGURE 62. Sequence II, Facies 1; A) Thin-section slide scan of LT1sb showing regularly spaced 
alignments of coarse sands (yellow arrows) and weak reverse grading, some galaxy structure 
(pink arrows) and “stacking” or cubic pacing visible (black dotted arrows); B) 
Photomicrograph (LT1sb, PPL) showing both linear (yellow arrows) and “galaxy” alignments 
(pink arrows) of sands and reworked oxide nodules (black arrows), fine banding of silts and 
clays is visible beneath coarse alignments; C) Photomicrograph (LT1sb, XPL) showing 
decalcified mud matrix supporting poorly-sorted fine through coarse sands in closed to 
double porphyric distribution, again galaxy structure and linear alignments of fine sand are 
observed; D) Thin section scan of LT1sc, showing coarser banding of fine gravels (yellow 
arrow), strong galaxy structure is visible (pink arrow); E) Photomicrograph (LT1sc, PPL) 
showing general c/f distribution of closely-spaced poorly sorted sand and fine gravels in 
coarse band of Facies 1. 
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FACIES 1 
The microstructure of Facies 1 is chaotic and heterogeneous (FIG. 62), comprising 
of sub-horizontal collections of medium to fine limestone sand and fine ceramic 
particles supported by a matrix of clay and silt. Coarse-fine distribution in the 
supporting matrix is closed to open, with frequent (ca. 30%) zones of silt. The 
concentration of sand and silt appears to increase upwards, with higher samples 
exhibiting a more homogeneous single-to double distribution of silt to fine sand 
in a clay matrix. Infrequent dark clay coatings are likely the result of transport by 
slurry. Birefringence suggests a higher content of CaCO3 than was observed in 
Sequence I. Fragments of burnt clay (ceramic or mudbrick) are sub-angular, 
likely from rolling a short distance (such as the 100 m from the area of the citadel. 
 
FACIES 2: OVERLYING SANDIER LAYERS 
The overlying 80 cm display much closer clustering in terms of sand/silt/clay 
distribution, although gravel concentration ranges widely (14–50%). While most 
of the cluster is gravelly mud, it is of note that the top 20 cm appear to contain a 
consistently greater percentage of gravel   (30–50%) than the bulk of samples in  
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FIGURE 63. Microstructure of Sequence II, Facies 2; A) LT3s1b (2x, XPL) showing fine “tiling” of sands (yellow 
arrows) and muds (orange arrows) and one instance of stacked medium-through-coarse sand grains (black 
double arrow); B) Slide LT4fa (2x, XPL) showing slightly birefringent matrix, and one large arcuate alignment 
of medium sands (pink arrow) as well as a discontinuous dusty clay coating on a very-coarse flysch sand 
grain (red arrows); C) LT3s1a (2x, XPL) showing tiling of sands and clays, localized reverse grading, perhaps 
from grain flow; D) Coarser, higher energy flow as indicated by poorly-sorted sub-horizontal alignments of 
very fine-through-coarse sand (yellow arrows); E) Very-poorly sorted sands showing chaotic arrangement, 
including a sub-round fragment of ceramic (top right). 
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the cluster (14–26%). Variations in texture otherwise do not appear to reflect 
differences in depth. While the total sequence does coarsen upwards, the 
samples do not show a consistent increase in coarse fraction, but rather a distinct 
difference in the two packets, reflecting a change in supply. This would appear to 
be the result of site decay, with the lowest sediments (Facies 1) representing the 
degradation of mudbricks and the upper Facies (Facies 2) representing less-
constrained flow over the site (Karkanas, personal communication 2013).  
The microstructure of Sequence II Facies 2 is similar to that of Facies 1 (FIG. 
63), but with greater volume of sands and coarser material. The fabric can be 
described as calcareous mud supported fine through medium sand. The 
distribution of the sand in the mud matrix is heterogeneous, although largely 
double to open spaced with frequent sub-horizontal “stringers” of fine sand, 
indicating grain flow (fig. 63A–D). Occasional larger colluvial events are 
represented by lobes of reverse-graded coarse sand supported coarser pebbles 
(FIG. 63E). Bioturbation and the absence of eroded contacts make estimation of the 
number events impossible, although the surface of one such colluvial lobe 
appears to be represented in Block MYCLT 20. It is possible that 2 or three such 
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colluvial events are represented in this sequence, as judged by the concentrations 
of coarser material in the sections and elsewhere on the site (see below, Samples 
5–8). 
 
Figure 64. In-filling against Wall A; A) The phases of the wall) including the initial LH construction (red), 
post-abandonment destruction (red-brown) and the Geometric reconstruction (blue). The yellow line 
separates sediments with a greater slope (below), likely resulting from local colluviation due to the 
deterioration of the wall and more horizontal deposits which likely result from “flooding”; B, C) Front (B) 
and side (C) views of Sample 11, showing the position of a coarser gravel deposit (between the dashed lines 
above the sloping contact (transparent yellow line. A large galaxy feature (pink arrow) shows the direction 
of flow southwards of the muddy flows which covered the site. 
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INFILLING BETWEEN WALLS 
Sample 11 was taken in “jog” in wall A where it comes into proximity with another 
likely Bronze Age structure (fig. 64). Three colluvial packets, separated in the 
polished thick section by horizontally-aligned fine pebbles, present both  
Figure 65.  the seasonal channel running along the western side of the site (see figure 58); A) Lenticular and 
“carpeted” coarse deposits, representing the area flooded by the channel during wet periods (1 in map inset); 
B) MYCLT06. 
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 horizontal and arcuate alignments of fine and very fine pebbles, with inclined 
orientations of imbricated medium pebbles. As such this deposit suggests the 
gradual accumulation of sediment in the gap in the wall. Microscopic inspection 
of the thin sections shows multiple inclined orientations of coarse sands, potential 
weak cross-bedding. 
 
Figure 66. Sedimentary features of the flooding from the channel which produces Sequence II; A) 
Aligned silt and sand grains between two vertically oriented coarse clasts; B) Coarse silt (yellow arrows) 
and silt/clay banding (orange arrow) (XPL); C) Sloping, sub-horizontal alignments of coarse silt, 
showing the direction of flow; D) Anorthic void hypocoating (white arrow) formed in the same 
calcareous clay-heavy matrix but re-deposited (XPL). 
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SURFACE STABILIZATION AND CHANNEL FORMATION 
The formation of the channel running northwest-southeast from the area of the 
House of the Oil Merchant appears to mark a change in sedimentation over the 
site, slowing sedimentation and resulting in gravel and cobble lags in the top 10 
cm of the stratigraphic sequence. MYCLT 5 through MYCLT 9 were taken below 
and across a carpet of medium gravels through cobbles which represent the 
surface of the developing alluvia (FIG. 65A–D). The microstructure of these 
samples appears to alternate between a single-spaced homogenous porphyry of 
fine through coarse pebbles in sandy mud and a more massive sandy mud (fig. 
66). This alternation, particularly visible in MYCLT5 (side), appears to result 
from a fairly regular movement of hyperconcentrated flows over the wall before 
the establishment of the channels visible in this section (FIG. 65 A–C). Sample 9, 
taken from the opposing scarp near the modern surface (FIG. 65C, D), shows the 
transition between the colluvial environment and an ephemeral channel-driven 
one, as fine, well-sorted, laminae with relatively frequent vesicles (FIG. 65D) 
imply infrequent sedimentation via “after-flow,” or surface wash in the absence 
of rain splash (Mücher et al. 1981; Valentin et al. 1987). 
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Petsas House 
A total of 10 samples were taken from the site, attempting to target the LH 
surface underneath later geometric walls (MYCPH4, MYCPH5), the post LH IIIA 
accumulation of slope sediments (MYCPH6_1–4) and the geometric terraced soils 
(MYCPH1 and MYCPH7). Bulk samples were also taken in each case to better 
Figure 67. Cluster analysis (Ward’s Method) and grain-size distribution for the sediments of 
Petsas House, Sequence I. The sediments cluster into 3 groups, mainly distinguished by silt 
content. 
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characterize variations in texture with depth with granulometry analyzed via 
cluster analysis and standard textural classification (figs. 67 and 68). Active 
excavations during the 2013 season, with the exception of the exposed section 
which provides the history of post-Mycenaean deposition at the site. 
 
Figure 68. Section of post-abandonment soils overlying LH III A destruction at Petsas House, showing 
Facies I, II, and III. Note the difference in character between the chaotically arranged ceramic clasts 
and pebbles in Facies I and III, and the frequent horizontal alignments in Facies II (yellow arrows). 
Note also the galaxy structure arranged around the very coarse ceramic fragment in Facies III (pink 
arrow). The bottom of the profile is a floor cut into the bedrock of the hill in LH III A. 
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Slope Sequence: Samples 6.1–6.4 
Observations made from the polished thick sections alone show that this 
sediment moved, in part, as a cohesive flow of mud supported sands and 
gravels. On the site macro scale, limestone rubble is visible in section, suggesting 
a contact approximately 40 cm from the bottom of the exposed column. 
Alignments of coarse gravels 60 and 70 cm from the bottom seem to mark the 
upper limit of the event which deposited the limestone blocks. 
The Ward’s Method cluster analysis distinguishes a cohesive cluster of 
gravelly mud (sandy silt) from 35–70 cm above bedrock. Thus, the grain-size 
analysis allows us to identified 3 potential facies in the sequence, 0–35 cm, 35–70 
cm, and 70–100 cm (FIG. 68).  
 
MYCPH FACIES 1 
The lowest facies, which comprises sandy mud-supported Gravelly mud (sub-
facies a) and muddy gravel (sub-facies b), extends for 35 cm up from the bedrock 
cutting. This fist facies is characterized by open spacing between very coarse 
sand through medium gravel sized inclusion. Bedding is weak to absent, 
although some weakly oriented fine pebbles preserve a ca. 30° slope. “Stringers” 
of fine to medium pebbles occur at 7 and 15 cm above bedrock, possibly 
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corresponding to samples MYCPH3 and MYCPH4, which are classified as 
“muddy gravel” by grain-size analysis (FIG. 69A). The narrow depth interval 
between such features suggest frequent colluvial events, possibly related to dry 
gain flow during site decay (Friesem et al. 2014). The micro-structure of this unit 
is generally crumby-to-massive, with fine sub-horizontal alignments of medium 
limestone sand in a silty clay matrix (FIG. 69). The void space in the matrix is 
composed of small channels and vughs caused by the welding of rounded 
Figure 69. MYCPH Facies I fine (A–C) and coarse (D―F) sub-facies; A) Fine sand and silt alignments 
(yellow arrows) visible with the naked eye; B) Fine muddy matrix supporting single-to-open spaced very 
fine sand and coarse silt, fragments of consolidated mud contrast with the otherwise spongy porosity and 
likely represent rip-up clasts from colluvial activity; C) Intact calcareous muds, showing a vesicular 
porosity, a characteristic of muddy flows; D) The coarser sub-facies of Facies I, showing more chaotic 
“banding” of medium sand-through-fine pebbles; E) Well-rounded coarse sand-sized ceramic clast, 
suggesting an origin from established archaeological fills containing well-weathered and reworked 
ceramic materials; F) Very-fine pebble-sized sub-angular conglomerate clast, possibly a fragment of a 
construction block on the citadel.  
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aggregates roughly 0.25 mm in diameter (FIG. 69B). Coarser clasts are arranged in 
a single porphyric distribution with silts and clays (FIG. 69C). 
One apparent zone of reverse grading suggests that these sediments were 
relatively dry and gravity-borne during transport. The sediment is poorly sorted. 
Apparent reworking of root coatings suggests that the parent material for these 
sediments included developed soil material (FIG. 71D). Transport by mud is 
suggested by thick dusty clay coatings on rock fragments.  
That these sediments are redeposited from anthropogenic strata uphill, 
though not obvious, can be read in small inclusions including marine shell, 
which implies human transport, rounded fragments of ceramic (FIG. 71E), and 
fragments of conglomerate, potentially from construction blocks (FIG. 71F). The 
net similarities of the sediments within this facies suggest a period of continuous 
low energy processes of dry and wet grain-flow immediately following the 
abandonment of the site.  
 
MYCPH FACIES 2   
The “middle” facies is by far the most cohesive, being closely clustered 
sandy silt supported gravels. The gravel content is relatively low. In the 
stratigraphic section, a lens of limestone construction blocks is visible 
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approximately 15 cm from the bottom of this unit. The two samples immediately 
below these stones, MYCPH9 and 10, are closer to each other in terms of 
sand/silt/clay distribution than the others. The polished thin sections reveal 
inclined clasts, although pebble-sized clasts are more evenly distributed and less 
concentrated than in the underlying layer.  
The microstructure of facies 2 is characterized by a closed porphyric 
distribution (FIG. 70A) and sub-horizonal alignments of silt and very fine sand 
(FIG. 70B). Galaxy structure, reworked Mn nodules, and dusty clay coatings (FIG. 
70C, D) attest to transport by hyperconcentrated flow. Calcite pendant formation 
and Mn nodule formation show a subsequent period of stability and moisture 
fluctuation (FIG. 70E, F). This sample, sample 15, appears to correspond to a 
region of less sandy and more widely distributed zone of medium and coarse 
gravels at the contact between Facies 2 and 3. 
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Figure 70. Microstructure of MYCPH Facies 2; A) Fabric of Facies 2 (PH6.3sc, PPL) showing reworked 
mud clasts, galaxy structure, and general single-spaced porphyric distribution; B) Photomicrograph 
(PH6.3fa, PPL) showing sub-horizontal and arcuate alignments of sand grains, as well as weakly 
developed clay coating on coarse sand grain; C) Observed arcuate alignments and in situ Mn 
development (black) (PH6.2fc, PPL); D) Thin clay coating on reworked carbonate nodule (PH6.2fb,  
XPL); E) Calcareous pendant formation (> 1 mm) on medium pebble (PH6.2fb, XPL); F) In situ oxide 
formation around margins of fragmented reworked nodules (PH6.2fb, PPL). 
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MYCPH FACIES 3 
The top packet of sediment, facies 3, consists mainly of sandy muddy gravel, 
much like the sediments of facies 1. Facies 3, however, only has one occurrence of 
the gravelly mud (group 2), at the contact between facies 2 and 3. 
The microstructure of Facies 3 is homogeneous and massive, with little to 
no discernible bedding or structures which may be attributed to deposition (FIG. 
71). The grain-size distribution seems unimodal, with coarse grains ranging 
through very fine pebbles. 
FIGURE 71. Microstructure of MYCPH slope sequence Facies 3, showing A) discontinuous alignments of coarse 
sand and reworked oxide nodules (black arrows), PH6.4fc (PPL); B) Weak clay hypocoatings on sand grains 
and voids (orange arrows), PH6.4fd (PPL); C) More chaotically organized sand grains, interspersed with 
reworked oxide nodulesPH6.4fc (PPL). 
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Erosion from the Citadel 
Additional PCA of the sediments from MYCLT1 and MYCPH show that, in 
terms of grain-size distribution, the upper 80 cm of the Lower Town sequence is 
most like MYCPH Facies 2, more so than the MYCLT2 Facies 1. If MYCLT2 
Facies 1, then, is the result of mudbrick degradation, while Facies 2 is the result 
of stronger colluvial transport, it may be deduced that the accumulation of post-
abandonment sequence at MYCPH is largely the result of slope loss in an area 
largely devoid of standing mud-brick architecture.   
Figure 72. Supposed geometric terrace overlying the southern portion Petsas House, white line shows 
underlying (presumed Bronze Age) slope sediments. The clast-supported cobbles and small boulders, to the 
right, seem to represent the initial fill of the terrace. 
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While the dating of the sequence at Petsas House is currently not viable by 
isotopic or luminescence methods, it is worth noting that the sediment of 
MYCPH Facies 2 (Samples 9–14) is the most like sediments from MYCLT2 
(Samples 10, 11, and 16), suggesting the greatest similarity in depositional 
processes. While not conclusive, these similarities suggest that the two sequences 
resulted from the same environmental circumstances. 
 
Geometric Terrace 
A secondary focus of the sampling at Petsas House was to gather data 
concerning soil retention measures, and the underlying Bronze Age surface. 
Samples MYCPH01 and MYCPH07 were taken from two contacts within a 
reported geometric terrace on the site. The soil from the area of the terrace is 
decidedly darker in color and less sandy than the overlying sediments of the 
post-abandonment sequence (FIG. 72). Three facies are identifiable in the terrace 
sediments, the stratum underlying the coarse rubble fill, the gravel-rich terrace 
fill, and an overlying and loosely horizontally bedded fine stratum.  No distinct 
erosional surface can be seen in the excavated section which might indicate the 
Bronze Age surface. The excessive bioturbation and “crumby” microstructure do, 
however, suggest the possibility that this was in fact an agricultural terrace, 
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rather than one maintained for construction purposes (FIG. 73A, B). Dusty clay 
coatings (FIG. 73A) and welded pellets (FIG. 73B) attest to the increased soil 
formation in this unit.  
The lowest sediments of the terrace sequence show fewer coarse gravel 
clasts and less chaotic orientation than the overlying sediment. Ceramic content 
in the underlying layer suggests that this too was lain down as anthropogenic or 
post-abandonment sediments, potentially at the same time as PH Facies 1. The 
FIGURE 73. Soil development in and below the terrace; A) PH7sc (1.25x, XPL) showing alignments of medium 
and fine sand as well as weak dusty clay coating forming on overlying clast; B) Decalcified crumby matrix 
from within terraced soils (PH1fc, 1.25x, XPL); C) Calcitic matrix within terraced soils (1fd, 1.25x, XPL). All 
sediments exhibit channels and chamber porosity suggestive of significant bioturbation. 
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microstructure of the underlying “pre-terrace” deposits,” show fine sand 
stringers in sub-horizontal alignment. Some sub-horizontal alignments of coarser 
sands also suggest dry grain-flow, amongst other processes of site decay 
(Friesem et al. 2014), as a potential source for this sediment. It is also worth 
noting that the structure of this fabric is more massive, having a channel and 
chamber porosity, but with fewer communicating voids than the overlying. The 
sediments of the “riser fill” on the other hand, preserve remnants dark zones 
which are likely the result of leaching (FIG. 73B) and increased humic content. The 
leached calcite is deposited below in the fine matrix (FIG. 73C). 
The combination of the overall stratigraphy of this feature, and the pelletal 
and bioturbated condition of the soil contained within, suggest that this terrace 
was constructed for agricultural purposes. That the soil within the fill is devoid 
of larger inclusions and preserves no “prepared surface” further suggests that 
this terrace was not built to expand available construction space, but rather to 
provide arable soil, and may be a result of the re-organization of the post-Bronze 
Age agricultural landscape, as witnessed in the shift in slope preferences (see 
Chapter 4). While inconclusive due in part to the fact that the terrace had be 
exposed for some time post-excavation, the results of this analysis are 
encouraging for the overall investigation of ancient terraces in Greece, and 
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constitute a the first direct micromorphological analysis of an ancient terrace on 
the Peloponnese. 
 
Discussion: Activity, Abandonment and Burial 
While coming from a different source and moving by different mechanism than 
the deposits to the west of Wall A, MYCLT Sequence II appears to represent a 
prolonged period of cohesive debris flows over the site from the area 
immediately to the northwest of the site. The sediments at Petsas House similarly 
show colluviation from up-slope, at least three periods, with slight variations in 
transport mechanism, are evident.  
Increased deposition in LH IIIB, by way of torrential flows from the 
Chavos ravine, necessitated the construction of two long walls as part of a flood-
control mechanism in the alluvial terrace south of the citadel (Chapter 5). In LH 
IIB, these walls appear to have been damaged by the same earthquake that 
generated destruction in various Houses in and around the citadel. Drying 
conditions and fluctuating rainfall transported disturbed soil and archaeological 
material from the environs of the Lions Gate, House of the Oil Merchant, and 
Tomb of Clytemnestra into the micro-basin created by the intersection of the 
Lower Town walls and a re-activated stream channel. Although sediments from 
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Petsas House have similar characteristics to those from MYCLT Sequence II, the 
sediments over Petsas House appear to have resulted from non-channelized 
slope deposits, implying a general scarcity of vegetation to retain soils. 
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CHAPTER 6: ENVIRONMENTAL CHANGE AT MYCENAE: SOIL 
PROCESSES AND TIMING 
 
Introduction 
Climate change is frequently cited as a “culprit” of socio-cultural collapse (cf. 
Blake 2012, Ellenblum 2013; Fagan 2009; Diamond 2011; contra Drews 1993) 
being the one driving force which could explain the wide geographic range 
represented in the “collapsed” Bronze Age Mediterranean civilization (Carpenter 
1966).  Kuniholm informally terms this “the historian’s cop-out,” warning that 
even synchronicity is not sufficient to support claims of climate forcing as prime 
mover in collapse (1990: 645).  
We must take this caution in investigating landscape change, being aware 
of the limitations of regional climatic proxies, namely pollen and isotopic data 
(speleothems and marine sources). In the absence of nearby regional climate 
proxies, and for areas like the Argolid where topography may result in 
considerable variations in response, processes of soil formation may be used at 
the very least to establish baseline environmental conditions. Soil processes, 
though less precise in terms of temperature and rainfall frequency, are a product 
of climate, vegetation, and sediment supply (Jenny 1941). Even under the loosest 
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definition, processes of soil development, including the migration and 
redistribution of minerals such as CaCO3, reflect general trends in the above 
factors and can be used both to corroborate regional analyses and to assist in the 
targeting of further isotopic analysis.  
As a site-based climatic proxy, pedogenic carbonate coatings provide an 
unrivaled geographic and, if dated via AMS, chronological evidence 
(Pustovoytov et al. 2007). The discovery of CaCO3 coatings on select clasts in the 
sections of MYCLT Sequences I and II, as well as recrystallized calcite on small 
clasts near the base of the units, illustrate the ubiquity and utility of soil 
carbonate as a tool in assessing surface conditions and broad climatic conditions. 
The development of thin, mixed but finely crystalline coatings on pebbles here 
appear to reflect periods of lessened or ceased aggradation in a relatively arid 
environment with short periods of stability and occasional storms. While the 
methods used in this analysis require further testing, the relocation of calcite 
through the soil column shows a hiatus in deposition, possibly between two 
periods of debris flows in the area. OSL and Phytolith analysis confirm multiple 
periods of erosion and deposition in the environs of Mycenae, and demonstrate a 
change in vegetation from arid to more temperate grasses occurring before the 
Early Iron Age re-use of the site. 
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Previous Evidence for Bronze Age Aridity in Mycenaean Greece  
Evidence for climate change at the end of the Bronze Age in the Aegean has 
been, at best, ambiguous, owing mainly to an absence of reliable data. One factor 
contributing to the dearth of information has been a focus on climatic “events,” 
to explain socio-cultural change (e.g. the ‘4.2 ka event’), rather than general 
conditions which might inform human response to change (Weiberg et al. 2016). 
Although some evidence exists to suggest that a short term drought is possible, 
resulting from shifts in prevailing wind and the impact of orographic rainfall in 
high-relief regions of the Eastern Mediterranean (Carpenter 1966, Bryson et al. 
1974, Zerefos and Zerefos 1978), a longer term drying period, may better explain 
change, and be more likely to affect a larger region (Schilman et al. 2001).  
The available evidence points toward drying, if not aridification, as a 
general trend, although it is clear that this trend was not absolute, as variations 
in Mediterranean climate and weather patterns may result in localized 
precipitation increases, even when  most of the Aegean is experiencing drier 
conditions, was the case of southwest Anatolia, which experienced 140% normal 
precipitation during the 1954–1955 drought proposed by Donley and Bryson as 
evidence for Carpenter’s original claim (Weiss 1982). The development of Bronze 
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Age Greek civilization falls mostly into the “final” or present phase of Holocene 
Mediterranean climate change, represented by an aridifying trend in isotopic and 
palynological records (Jalut et al. 2009, Fontugne et al. 1994, Schilman et al. 2001).   
Analysis of δ18O values for planktonic foraminifera show a humid period 
in the southern Mediterranean Basin 1500–1000 B.C, followed by aridity at 1000 
BC – AD 300 (Schilman et al. 2001). A shift to arid conditions may also be read in 
a drop in Sea Surface Temperatures (SST) in the Eastern Mediterranean (Drake 
2012). A general decrease in sea temperatures, read in warm species foraminifera 
in the Adriatic Sea(Sangiorni et al. 2003) and Aegean Sea(Rohling et al. 2012) seas 
in the centuries leading up to the Bronze Age collapse may have resulted in 
decreased evaporation and, subsequently, decreased precipitation (Drake 2012). 
While precise dating varies from region to region, a general examination of sea 
surface temperatures, pollen and isotope data suggests that drier conditions 
dominated in the Eastern Mediterranean from 1000 B.C. to 250 B.C. (Finné et al. 
2011, Andwinge 2014). 
Pollen records, though important for providing indicators for human 
disturbance, suffer as climatic proxies from problems of scale and their 
aforementioned sensitivity to human interference. In the Argolid, for example, 
analysis of pollen evidence for “anthropogenic indicators,” demonstrates a shift 
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at 1600 b.c. from <66% anthropogenic pollen evidence to >66%, which drops 
sharply to 50% after  1000 B.C. and remains as low until 400 B.C. (Andwinge 2014; 
Jahns 2003). 
 
Calcium and CaCO3 analysis 
In conducting micromorphological and sedimentological analysis of the 
sediments from Petsas House and the Lower town, two types of natural 
alteration to limestone clasts became evident. Larger clasts (> 1 cm diameter) 
frequently retained thin (< 2 mm) coatings of micritic calcite, while smaller clasts 
at certain depths exhibit an apparently recrystallized chalky surface. These 
features occurred on both sides of the “retaining” walls A and B, despite 
significant differences in bedrock geology, suggesting that they were a result of 
post-depositional processes, rather than features of the original deposits. 
These “pendants,” or coatings, are accumulations of calcite left by 
percolating ground water during periods of soil formation (Arkley 1963). The 
slightly acidic rainwater, having accumulated calcite from the limestone-based 
soils and diminished in acidity, slows down as it travels along the surface of the 
stones trapped in the soil. The decrease in transport speed, along with constant 
evaporation deposits a fine cement of crystalline calcite. When these rains occur 
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primarily in the warmer months, evaporation is rapid enough to precipitate the 
calcite on top of the stones, resulting in “caps” (Amundson et al. 1997). When this 
happens during winter rains, as is the case for the Aegean, the calcite is 
deposited as “pendants” underneath the stones. The formation of these coatings, 
and the thickness to which they develop, is a function of depth, precipitation, 
and, to a lesser degree, temperature fluctuations (Pustovoytov 2002, 2003). The 
degree of atmospheric moisture and resultant soil saturation appears to be 
recorded in the crystal structure of the calcite coatings and their purity, with 
micritic coatings dominating in dry environments and admixtures of non-
carbonate minerals and biotic components during more moist periods resulting 
in darker, less organized coatings (Pustovoytov 2002). 
These calcite coatings, when well developed, can often be used for 14C 
dating and isotope studies, in order to create chronological and environmental 
sequences that reflect sedimentary (Dypvik and Harris 2001; Kylander et al. 
2011) and soil history (Manceau et al. 2004; Wersin et al. 1991), eliminating part 
of the worry of reconstructing environment from paleobotanical remains. These 
remains, often being the subject to movement before deposition, as much as 3000 
km (Malmstrom 1920) in the case of pollen. While these issues have been largely 
dealt with or accepted, it raises considerable questions as to their validity in 
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determining site-specific environmental conditions which may, as is the case for 
the Argolid, be responsible for differences in site formation over relatively short 
distances and periods of time. 
Pendant sequences have been used successfully in the past in order to 
reconstruct long periods (>1 ka) of Holocene environmental history. Simple 
presence/absence, as well as thickness and positioning (see above) can permit the 
archaeologist an understanding of rainfall frequency, or whether or not a 
Figure 74. Photomicrographs (2x and 10x respectively) showing differences between coating 
formation in MYCLT Sequence I and II. 
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particular field was abandoned at any given time in its history. Initial results for 
calcite pendants, observed on pebbles in MYCLT Sequences I and II, may suggest 
that a brief hiatus, less than a century, separated Facies 2 and 3 in MYCLT 
Sequence I. Evidence also suggests a drier environment which became wetter. 
 
Results 
 Morphology 
The coatings all fall on the underside of the pebbles, with no clear occurrences of 
capping, implying winter seasonal precipitation (FIG. 74). These coatings are 
often weakly and finely laminated, with thin crusts of clay-rich admixture 
separating the layers of micritic (microcrystalline). In some cases, the calcite 
appears “massive” with no discernible structure, or with intermixed lines of clay 
and calcite resulting from variations in the levels of moisture and speed of 
evaporation. These initial observations already paint a picture of the 
environment that generated these structures: semi-arid climate with sufficient 
winter rainfall.   
While only the most developed pendants were sampled for thin-section 
analysis, the morphology was consistent for pebbles throughout the sequence: 
three types of coating were observed on the underside of the sampled pebble. 
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The “substrate” upon which later layers are deposited consists of discontinuous, 
broken calcite coatings overlying the surface of the limestone pebble. These 
pendants are small, usually only preserved in small patches not exceeding 
approximately 2 mm2. The initial layer of coating is a thick (100–250 micron) 
coating of reddish clay with no visible crystalline structure. This structure, and 
the present of coarse silt particles in this particular coating suggests that this 
coating was gained by the initial movement of the pebble in a debris flow. The 
middle layer, spanning 100–500 microns, shows a “jumble” of intermixed clay 
and pseudosparitic (small yet distinguishable) crystals of calcite, indicating 
fluctuating wet/dry conditions. The final coating is thin, 25–50 microns, and 
consists of finely layered clay, showing wetter conditions. That this layer was 
deposited in multiple events is visible in the overlap between segments of this 
final coating.  
By comparison, the coatings from Sequence II show coatings to be 
expected in the finer and highly-calcareous sediments of the section. Here, the 
fine nature of sediments and slow movement of material through the soil-column 
allows for the distribution of fine particles of calcitic cement. Absence of 
lamination, or fine layering, suggests in this case that the coating was developed 
in a “waterlogged-like” environment, generated by the fine and tightly-arranged 
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clay matrix and an abundance of CaCO3. Again, this observation is confirmed by 
the presence of a stream running over the area of Section 3 beginning after the 
Archaic Period.  
 
Distribution and Problems in Sampling 
The coated pebbles occur most often between two and five centimeters in length, 
with larger fragments (up to 10 cm) always bearing coatings. This is consistent 
with previous research, which suggests larger clasts are more likely to support 
coatings, as they provide the most surface area. Distribution analysis of coated 
pebbles provides an encouraging result (FIG. 75). At eight bins, where histogram 
representation is continuous (no empty bins), there are two possible modes at 40-
Figure 75. Distribution of correctly (downward) oriented pendants by depth across MYCLT. Sections 1 and 2 
represent Sequence I while Section 3 represents Sequence II. In each case, two peaks of pendant occurrence 
appear to be present, suggesting two hiatuses during which pendants formed. 
 199 
60 cm and 80 cm to 1 m below surface. The percentage of coated pebbles for the 
lowest bin is 100%, however the collected sample for this depth is only 2, so this 
result may not be reliable. Section 3, which represents the thickness of sediments 
being redeposited from the direction of the Mycenaean road and citadel, shows a 
similar distribution of coated pebbles with two corresponding peaks from .22—
0.33 m and 0.55—77 m. An initial concentration of coatings in the first 11 cm is 
from sediments deposited above the “post-Mycenaean” deposit. Differences 
between Section 1 and Section 3 can easily be explained based on a comparison 
between the two sediments. The finer, denser more calcareous sediments in 
section 3 permitted for a higher degree of calcite precipitation, resulting in more 
closely spaced peaks at slightly shallower depth from surface. The “fluctuations” 
in calcite coatings, occurring approximately 20 to 40 cm apart, are an expected 
result if the pendants are mostly in situ, rather than transported from an older 
developed soil higher up on the slopes. Indeed, those pendants observed in soil 
thin-sections appear to be in situ, with areas of re-crystallized matrix in the 
immediate vicinity of the pebbles. 
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XRF 
In river- and lake-bed environments, slow constant deposition allows a high-
resolution chemical profile to be extracted for purposes of environmental 
reconstruction. In the case of sub-aerial flows, on the other hand, thick deposits 
and subsequent soil formation result in poor resolution for chemical methods. 
XRF analysis was targeted in this case on processes that would reflect specific 
locations within the soil column: surfaces, incipient Bk horizons, and the water 
table. For the detection of surfaces, sedimentary markers were expected to be 
more concentrated due to surface transport along previously deposited 
sediments. In the case of soil carbonate formation, any concentrations which 
might represent the deposition of CaCO3 (resulting in a Bk horizon) would be 
Figure 76. PCA analysis, Sequences I and II, showing, in particular, the chemical similarities 
between the top 5 cm of Sequence I and Sequence II. 
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expected to lie below a surface, with an area of de-calcified soil representing the 
first few centimeters directly sub-surface.  
Due to initial cost restrictions, WDXRF analysis was conducted on select 
samples based on granulometric similarities, in order to find representative 
chemical compositions for major sedimentary units. Portable XRF (pXRF) was 
then applied to the sediments to obtain a full sequence in order to detect changes 
within the putative sedimentary units. Fluctuations are here presented as either 
PPM, percent or ratios, depending on the method and the element or oxide 
under study. Keeping in mind the restriction of the soil medium and the 
combination of methods used, analysis and interpretation are on a qualitative 
basis only. 
 
Distinguishing Deposits 
Preliminary Principle Components Analysis, conducted using the full range of 
WDXRF results in PPM demonstrates the level of similarity and difference 
within and between the two sequences (FIG. 76). Coming from a more 
geographically confined zone, and thus comprising greater cohesion in terms of 
parent material, Sequence II demonstrates a greater internal similarity between 
samples. Unit I, contrarily, exhibits more variation, having traveled a longer 
 202 
distance and comprising sediments from a larger surface area within the Longaki 
drainage. Unit I sample 1 demonstrates greater similarity with Sequence 2, which 
is to be expected as it was immediately overlain by surficial grey-brown 
sediments which appear to have come from the same source as Sequence 2 after 
the Khonia had incised and sedimentation continued via the stream originating 
between Panagia Ridge and the Acropolis. 
 
Sequence I 
As might be predicted, variations in calcium are more difficult to distinguish in 
the carbonate sediments at the Lower Town. However, non-cyclical fluctuations 
Figure 77. Select results of WDXRF on Sequence I sediments, dotted lines show where samples were not 
analyzed via WDXRF. The scale for each profile is naturalized to the maximum concentration of each 
element/oxide, in order to best illustrate the relative fluctuations of each component. While WDXRF is more 
accurately calibrated than P-XRF, it was cost prohibitive for the purposes of this study. Already the distinct 
character of Facies 1 (140–165 cm) and Facies 3 (15–45 cm). 
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in calcium content are clearly visible in both Unit I and Unit II. In order to control 
for variations in sediment load, the common clastic indicators of Ti and Al were 
used to generate ratios of the relevant Elemental  concentrations of Mn and Fe 
were also expected to fluctuate, reflecting long-term durations in the water table 
via reduction and oxidation processes.  
The upper 5 cm of each sequence displays drastic increase in 
concentrations of MgO, P, CaO, and Sr, while Al2O3, TiO2, Fe2O3, and Rb all 
present slight decreases (FIG. 77). In addition, MgO demonstrates a decreasing 
trend with depth. Otherwise, general trends in in elemental concentration are 
stable over depth. There is a single significant peak in Mn for the 130–135 cm 
Figure 78. . Select results of combined pXRF/WDXRF on Sequence I sediments, dotted lines show where 
samples were not analyzed. The scale for each profile is naturalized to the maximum concentration of each 
element/oxide, in order to best illustrate the relative fluctuations of each component. Of particular interest, 
TiO2 concentrations peak at 45-50 cm and 95-100 cm, weakly reflecting the boundaries of Facies 2. 
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range, representative of waterlogged conditions in the lowest Holocene 
sediments. 
The calibrated pXRF columns (FIG. 78) confirm the general distribution of 
geochemical changes in the sequence, but allow for peaks to be distinguished 
within the trends. CaO fluctuation is particularly telling, and displays different 
development for the ranges 15–35 cm and 35–55 cm, with peaks at 55–60 cm, 75–
85 cm, and 140–145 cm. KO varies inversely with CaO. Sr follows the same 
general trend as CaO, which is to be expected as it replaces Ca during 
recrystallization both in carbonate rocks and soil carbonates. CaO, Sr, and Zr, 
Figure 79. Combined granulometry and XRF analysis of Sequence I, showing standard proxy ratios for 
coarse/fine sediment input as well as wet/dry conditions. While the colluvial nature of the sediments, being 
slope sediments transported along a channel system, makes the proxies, developed for lake bed sediment, 
less than ideal, the Rb/Sr ratio, like the TiO2 concentration, appears to show the surfaces between the facies 
and subfacies. 
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follow the same pattern for the range 145–165 cm. Common clastic indicators, 
Al2O3 and Zr follow similar patterns, although TiO2 shows increases at 45–50 
cm, 95–100 cm, and 135–140 cm. The common indicators for clastic input (Ti and 
Al) show similar spikes which may be taken to represent the observed contacts in 
Sequence 1, roughly corresponding to the contact between the observed facies 
and subfacies (FIG. 79). The large cobble concentration, interpreted above, as 
floated clasts separating increments 2 and 3 is accompanied in the XRF values by 
a decrease in Al2O3 at 75–85 cm, in the same range as the observed increase in 
CaO. A minor increase in TiO2 may also be observed in this range. The 
Comparison of established environmentally determined ratios is made difficult 
by the irregularities in Al and Ti, however Comparisons of Ca/Sr and Rb/Sr show 
potential environmental fluctuation, with peaks for Rb/Sr at 45–50 cm, 75–80 cm, 
Figure 80. WDXRF results for Sequence II, showing less erratic fluctuation in elemental concentrations, likely 
the result of more gradual accumulation. 
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95–100 and 140–145. Ca/Sr, which is controlled by variation in available moisture 
during the recrystallization of CaCO3, shows relative maximums at 60–65 cm, 
80–85cm and 125–130 cm.  
 
Sequence II 
Sedimentary markers (Al2O3, TiO2, Zr, and Rb) show a clear distinction Between 
Sequence II Units 1 and 2. Fluctuations here describe to positive curves separated 
by a minimum at 95–100 cm (FIG. 82). These elements show an increasing trend 
from 80 cm to surface, corresponding to Unit 2. A maximum in Fe2O3 at 25–30 
cm seems to indicate an increase in oxidation, particularly given the bedrock, 
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which, unlike the limestone parent material of Sequence I, is less likely to 
provide quantities of iron oxide.  
Soil formation/post-depositional indicators show a similar division in 
concentrations between Units 1 and 2, with concentrations of CaO and PO Unit II 
peaks occur at the modern surface, at 75-80 cm and 115-120 cm. A spike in Rb in 
100–105 is not reflected in the other records, and may be related to fluctuations in 
clay content. KO, in this case, does not have an inverse relationship with CaO, 
and more readily resembles the clastic indicators (FIG. 83).  A sharp Peak in MgO 
occurs at 95–100, corresponding to the local minimum observed in Al2O3, TiO2, 
Rb, and Zr. 
Figure 81. Combined pXRF/WDXRF results for Sequemce II, MYCLT. Note the fluctuations across 
elements occurring between 45 and 80 cm. Partcularly, note the changes in Zr and KO, namely how they 
both decrease from the bottom of the section to this mid-point, then increase toward the top of the section. 
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Observing the re-calibrated pXRF curved, the distinction between Units 1 
and 2 is made apparent, with fluctuations in TiO2, Rb, Zr, Cao, and KO occurring 
60 and 80 cm. The steepest trend is exhibited for Sr, which increases with depth. 
CaO peaks occur at 15–20 cm, 60–65 cm, and 70–75 cm. Mn increases with 
elevation, reflecting steady increase in reducing conditions.General curves in the 
absolute data, and in the calculated ratios, reflect consistent input from a sinle 
catchment, with changes caused by surface soil development dominating 
 the top 15–25 cm. A single spike in the ratio of Rb/Sr, concurrent wth a reduction 
in the ratios of K/Ti, Ca/Ti, and Sr/Ti, seem to reflect a localized increase in silt 
and clay (FIG. 82), suggesting a relatively sudden influx of non-carbonate muds. 
 
Figure 82. Combined XRF and granulometric results, showing proxy rations for clay and carbonate input, 
as well as wet/dry conditions. The major change in grain-size distribution and chemcal composition appears 
to occurr at 65-70 cm. This is the best candidate for the contact between Facies 1 and 2. 
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Fourier Transform Infrared  
Samples from both Sequence I and Sequence II were subjected to transmission 
infrared to further confirm the distribution of CaCO3 throughout the sequence. 
Although calcite was found present in the bulk soil samples for the entire depth 
of both sequences, as is to be expected given the carbonate bedrock geology, the 
crystallinity of the calcite in Sequence I, represented by the prominence of the 
peak and plateau at 2500 cm-1, appears to vary with depth (FIG 85 A–F). The 
samples presenting stronger peaks (FIG. 83 A, C, and F) appear to correspond to 
depth ranges represented by C peaks in the XRF analysis and the presence of, 
pendants in the excavated sections. The weaker peaks (FIG. 83 B, D, E) correspond 
FIGURE 83. FTIR transmission spectra (absorbance) for Sequence I samples. A) Sequence I, Sample 1, 15–
20 cm below surface; B) Sequence I, Sample 6, 40–45 cm below surface; C) Sequence I, Sample 17, 95–100 
cm below surface; D) Sequence I, Sample 21, 120–125 cm below surface; E) Sequence I, Sample 26, 140–
145 cm below surface; F) Sequence I, Sample 30, 160–165 cm below surface. Note the difference between 
stronger (A, C, F) and weaker (B, D, E) absorbances in the 2500 range, representing calcite. 
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conversely to ranges outside the modes of pendant distribution and C increases 
detected by XRF analysis. 
 
OSL Analysis and timing of events 
In July of 2014, Dr. N. Zacharias collected 7 samples for Optically Stimulated 
Lumnescence (OSL) dating (TABLE 3). While three samples were easily taken  
Representing Sequence II Facies 1 (OSL2 and 3) and Facies 2 (OSL 1), the cobbles 
of Sequence I made sampling unfeasible for the main sections studied, so 
samples were taken from an exposure on the north side of the site, where 
Sequence I had been revealed down to 50 cm. While the dates, most of which 
 
 
 
 
 
 
Table 3. OSL dates (N. Zacharias, University Peloponnesos). Note that the Sequence I dates cluster around 
the 8th millennium B.C., reflecting a the Pleistocene date of the soils which were transported by the debris 
flow, while the Sequence II dates reflect the beginning of the Bronze Age (OSL3), the Middle Bronze Age 
(OSL2) and the Iron Age (OSL1). While the evidence is yet lacking, these dates may represent past periods of 
soil instability, the last time erosion was severe enough to result in the bleaching of the quartz grains within 
the deposits. 
Sequence I 
OSL4 8.45±0.83 (1σ) 7280 – 5620 B.C. 
OSL5 8.68±0.68 (1σ) 7360 – 6000 B.C. 
OSL6 9.14±0.90 (1σ) 8040 – 6240 B.C. 
OSL7 10.22±1.05 (1σ) 9270 – 7170 B.C. 
      
Sequence II 
OSL1 2.62±0.25 (1σ) 870 – 370 B.C. 
OSL2 3.69±0.28 (1σ) 1970 – 1410 B.C. 
OSL3 6.47±0.51 (1σ) 4980 – 3960 B.C. 
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pre-date the ceramic chronology for the abandonment of the site, the difference 
between the dates for the two Sequences is potentially significant. Sequence I 
dates, despite being taken in the first 50 cm of the sequence, reflect Pleistocene 
dates, the ranges of which center on the 8th millennium B.C., suggesting that the 
soils which produced the flows formed at this time. Sequence II dates, on the 
other hand, each reflect a potential period of landscape instability due to human 
settlement: the Neolithic/Bronze Age transition, the Middle Bronze Age, and the 
Early Iron Age. 
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Figure 84. Percentage of Dicot and Monocot phytoliths in the preliminary samples. The 
increase in Monocots, as well as the increase in bulk counts of phytoliths for the first 5 m of 
Sequence I suggests a more temperate environment (Courtesy K. N. Wroth). 
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A Note on Phytoliths and Environment 
Preliminary study of phytoliths recovered from bulk samples, performed by Ms. 
K. N. Wroth, seems to confirm that the top 15 cm of Sequence I represent a 
separate event from the underlying deposits. The sampled sediments from 
Sequence I Facies 2 represent semi-arid-environment plants, and in relatively low 
concentrations. The Sample from Facies 3, the laminar-like flows, however 
contains a much higher concentration of phytoliths originating from temperate-
environment grasses (FIG. 84). While further testing is necessary, this change 
seems to represent a brief period of increased vegetation, followed by a rapid 
die-off which resulted in a high concentration of phytoliths in the transported 
soils. Were such an event not rapid, the silica in the phytoliths would have been 
taken back up by the roots of living plants. 
Figure 85. Combined lithostratigrapy and XRF results, showing packets (yellow) separated by spikes in 
sedimentary indicators (AL, Ti), and maximum in carbonate formation and Ca concentrations (hache 
marks) 
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Discussion: Landscape Change, Climate, and Settlement at the end of the 
Bronze Age 
Combined micromorphology, XRF, and sedimentology of Units I and II 
demonstrate disparate sedimentation but parallel processes of sedimentation and 
soil development in the aftermath of the Mycenaean collapse (FIG. 85). Although 
Unit I was deposited as a hyper-concentrated flow of gravels suspended in mud, 
and Unit II was deposited via more alluvial-like processes along a small 
streambed running south of the citadel, fluctuations in calcium within the soil, 
and the concurrent formation of pendants underneath limestone clasts, 
demonstrates two periods of stability. The post-palatial debris flows at Mycenae 
therefore, do not represent a single catastrophic event, but rather multiple flows 
separated by at least one period of stability before the final stabilization of slopes 
and the Geometric reuse of the area.  
The study of the post-depositional processes at Lower Town of Mycenae 
provides a partial picture of the landscape after the fall of the Mycenaean 
Palaces. A relatively dry landscape with limited vegetation was prone, for 
reasons bearing further investigation, to episodes of apparently sudden erosion 
from mountain slopes and deposition along torrential channels. These sediment 
flows were likely localized along torrential channels, but have been detected as 
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far away as Chania Argolida, 3 km south of Mycenae. Even areas without visible 
signs of large-scale human exploitation were similarly affected, as a result of 
surface flow over dry and compacted earth.  
Although difficult to test archaeologically, the dominant semi-arid climate 
may have been aided in clearing the slopes of vegetation by goats grazed on 
slopes otherwise useless for agriculture.  Analysis of clay mineral 
transformations via FTIR is hoped to detect the traces of wildfires which may 
have aided in the removal of slope vegetation. While further study of the 
sedimentology of Unit I will allow us to fully characterize the way in which slope 
soils from the surrounding mountains covered the site, it is apparent that this 
burial was, in geological terms, relatively sudden. The composition of these 
coatings, and the incorporation of mud in fine layers paint a complimentary 
picture of a drying—but not arid—environment that would have become less 
predictable, and increasingly inconvenient to occupation, over time.  
Understanding the environment of the northern Argolid in the aftermath of the 
Mycenaean collapse through integrated geoarchaeological analysis can thus aid 
us as scholars in understanding the viability of occupation on the eve of collapse, 
and add to the already gathering storm of natural and social pressures on the 
Late Helladic palaces in their twilight. 
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Figure 86. Hypothetical cross-section of the Inakhos and Manessi Drainages, showing the 
sequence of flld events.; A) The initial Pleistocene slope failures, demonstrated by Zangger 
(1993) and recent OSL dates from Mycenae; B) The Early Helladic event, which deposited over 
5 m between the end of the Neolithic and the Early Bronze Age; C) In LH III, settlement 
activities at Chania and Tiryns were substantial; D) In LH III B, Tiryns was buried by floods at 
approximately the same time as Chania was reportedly destroyed by an earthquake; E) The 
town at Tiryns is rebuilt, and thrives into LH IIIC, while Chania, at first abandoned, is used as 
a burial site; F) At some point in LH III C late, red muds bury Mycenae and Chania, while less 
violent flooding buries the already abandoned Northwest Town at Tiryns. 
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The presence of a series of debris flows in the area of the Mycenae Lower 
town after LH IIIB implies a less than stable environment, with multiple events 
implying a trend toward instability. That Walls A and B may have been built in 
response to changes in the Khonia stream and increases in flooding, though not 
strictly demonstrable at this point in time, may suggest that this instability was a 
long-lived one, generating in-filling of the Khonia and raising the streambed, 
thus generating a flood hazard as winter rains traveled along the Zara fault and 
through the Chavos ravine, picking up slope soils an redepositing them upon 
exit from the ravine. That Chania Argolida was buried by similar (though un-
analyzed) red muds in at least two episodes (Palaiologou 2014), suggests that this 
instability was no restricted to the area of Mount Zara, as it is unlikely that such 
flows would travel the necessary 2 km, but rather a trend towards the 
mobilization of large quatities of (possibly reworked) slope soils. 
.  
Hypothetical Reconstruction 
If conditions encouraging slope loss (i.e. vegetation loss due to general drying 
tendencies accompanied by occasional high-volume precipitation) are assumed, 
then the mobilization of soils from the slopes of Mount Zara may be taken to 
have pre-dated the seismic changes in the Longaki drainage (Chapter 4). Were 
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this the case, then additional in-channel flow would have likely mitigated the 
effect of such soils, as the stream would not allow colluvial cones or sheet flows 
to build up. This would be the case regardless of whether the stream emptied 
into the Chavos or Kokoresta ravine. The earthquake then, likely during the Late 
Bronze Age, if the low-resolution, ceramic chronology is to be believed, would 
have disrupted the scouring of colluvial sediments at the foot of Mount Zara, and 
eliminated the benefit of the water and transport velocity provided by the full 
length of the channel. As such, mass-wasting and seasonal erosion from the 
slopes would be allowed to accumulate and be directed along the fault, through 
the Chavos, and into the Khonia, causing in-filling of the channel. This in-filling, 
possibly observable in remnants of red silt along the channel walls, was first 
responded to with the revetment of the Chavos bank, and then with the 
construction of the LH Walls in the Lower Town. Continuously worsening slope 
instability, however, would eventually cause systemic failure of slopes, resulting 
in LH IIIC hyperconcentrated flows which buried both Mycenae and Chania 
Argolida (FIG. 86) (Chapter 5). That this transport was systemic is evidence by the 
red-brown deposits at both sites and the pattern of spatial and temporal high-
resolution points to general drying trends (Chapter 7), as is supported by the soil 
carbonate regime and the usual sedimentary dynamics debris flows coming to 
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the Mycenae lower Town and Petsas House sites from the area of the citadel 
(Chapter 6).  
If the Agios Georgios structure was, in reality, a dam then it would likely 
have exacerbated the infilling of the Khonia, allowing sediments to accumulate 
to the point where they could easily breach the banks of the channel and spread 
across the floodplain, regardless of the initial degree of incision of the channel 
system. The failure of the dam, witnessed by the current fragmentary condition 
of the structure and the scattering of construction blocks downstream, would 
have helped to initiate and accelerate incision, lowering the streambed 2 m below 
its elevation in the Late Helladic, before the hyper-concentrated flows covered 
the area. Remnant red soils 100 m upstream of the dam attest to an elevated 
streambed during, and perhaps before the deposition of the red 
hyperconcentrated flows (Chapter 4). Unfortunately, subsequent stream activity, 
which scoured the streambed down to bedrock and, in many places, appears to 
have widened the channel, has eliminated any direct evidence as to the 
relationship of the Agios Georgios dam to the local landscape history. 
By extension, the so-called “flash-floods” at Tiryns, originating in the highlands 
above the Megalo Rema and being deposited through sudden avulsion, may be 
themselves an exacerbation of pre-existing conditions. The Argive Plain during 
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and after the collapse of the palatial system, then, was likely subject to increasing 
instability along its margins, usually ameliorated by streamflow but capable of 
generating large deposits of torrential gravels and hyperconcentrated muds. The 
populations of both Tiryns and Mycenae were, to a certain extent, adapted to 
these conditions, as reflected in the level of engineering and concern with erosion 
evident in the construction of roads, bridges, and dams, but less predictable 
events, such as the avulsion of the Manessi or seismic activity at Mycenae, 
created conditions requiring more rapid response. At Tiryns, where the open 
alluvial plain allowed both for the redirection of flows and provided open lands 
for expansion, continued occupation was more likely. At Mycenae on the other 
hand, the complex interplay between seismicity, environment, and stream 
dynamics created a problem with few distinct solutions, other than the 
attempted restraining of flood waters. While further excavation and 
geoprospection along the Khonia drainage is required to understand the extent 
and precise timing of flows over the area, it is clear from the diachronic changes 
to architecture that Mycenae did not recover from rapid landscape change to the 
degree that Tiryns did. 
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CHAPTER 7: LAND MANAGEMENT AND ENVIRONMENTAL 
UNDERSTANDING BEFORE AND AFTER THE BRONZE AGE COLLAPSE 
 
A site-level understanding of landscape change in the Argolid shows that, 
contrary to previous assertions, landscape change is not a binary: the landscape 
is a complex system which cannot be described in the simple distinction between 
alluviation and stability. Resilience theory, which focuses on how systems adapt 
to change, rather than succumbing to it (Redman 2005; Redman and Kinzig 2003) 
is an emerging tool for understanding the intersection between sociopolitical 
landscapes and ecosystems. In recent discussions on resilience (Weiberg 2012, 
2013), new emphasis has been placed on understanding “perception” as it 
applies to resilience and adaptive cycles. Perception, though not specifically 
defined can be summed up in Weiberg’s description (in reference to Tiryns and 
the Argive Plain from the Early Helladic to the Late Helladic) of “an inhabited 
environment where the possibility of the river flooding the area was a real threat; 
the results actually experienced by some and likely orally passed on through the 
generations” (Weiberg 2012: 38). The changes in landscape, brought about by 
alluvial events, change the way in which the physical landscape organizes 
settlement (see Weiberg 2011, and Weiberg and Finné 2013 for a discussion of the 
landscape and settlement organization in Early Bronze Age Greece). Weiberg’s 
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treatment is based in a practice-based approach to the inhabited landscape (cf. 
Jusseret 2010). The groundwork for an understanding of perception and 
understanding may be found in the literary, archival, iconographic, and 
archaeological records. At the very least, these features of culture may be 
assessed as repositories of a common vocabulary of environmental circumstances 
and strategies of interaction and intervention.  
 
Textual Evidence for Landscape Change 
Greece has long been a topic of interest in the discussion of environmental 
change and its relationship to human activity (Bloedow 1995; van Andel and 
Runnels 1987; Vita-Finzi 1969). Amongst many observations on astronomy and 
ecology which became foundational for later generations of natural scientists, 
Aristotle, in the Book I, Part 14 of the Meteorologia, outlines his theories on 
landscape and climate change and its relationship to civilization: 
In the time of the Trojan wars the Argive land was 
marshy and could only support a small population, 
whereas the land of Mycenae was in good condition 
(and for this reason Mycenae was the superior). But 
now the opposite is the case, for the reason we have 
mentioned: the land of Mycenae has become 
completely dry and barren, while the Argive land that 
was formerly barren owing to the water has now 
become fruitful. Now the same process that has taken 
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place in this small district must be supposed to be 
going on over whole countries and on a large scale 
(352 a9–15). 
 
This pattern of drying has, to an extent, been confirmed by the study of modern 
regional weather patterns, with droughts in 1898 and 1954/1955 causing 
conditions in the Peloponnese similar to those described by Aristotle (above) and 
expanded upon by R. Carpenter (1966;  Bryson et al. 1974; Zerefos and Zerefos 
1978). This narrative, while correct in its adherence to principles of hydrology 
and landform geomorphology, is, in essence, a comparison of Homeric epic to 
contemporary observations by Aristotle (Zerefos and Zerefos 1978). Aristotle’s 
reconstruction, arguably the earliest recorded attempt at environmental history, 
appears to be reflect reality, in particular the difference in precipitation between 
Argos and Mycenae due to elevation and orographic rainfall (Bryson et al. 1974; 
Carpenter 1966) and the potential for rapid drying if wind directions shift. Here, 
Aristotle is likely drawing from the description of sites in the epic tradition, and 
extrapolating from the primacy of Mycenae in the myth of the Trojan War and 
the descriptions of “very-thirsty” and “horse-rearing” Argos. It is important to 
further understand the way that landscape change is referenced in Homeric epic, 
if only to understand the data from which Aristotle draws his conclusions.  
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Dark Age Environment: Attitudes toward erosion and Management 
Technology in Homeric Epic 
It is understood that Homeric Epic is largely a product of Early Iron Age Greek 
society, rather than the Bronze Age to which it refers and from which it builds its 
mythology (Dickinson 1986; contra Vermeule 1964: x; cf. Nilsson 1932). However, 
the way in which natural events, specifically torrential winter rains and 
references to land management technology, can perhaps inform the perception of 
the natural environment and the threat of landscape change during the Dark 
Ages. The few descriptions that occur in the Iliad allow us to speculate as to the 
perceived frequency and intensity of these events. 
The landscapes of the Odyssey and the Iliad are substantively different: 
while the Odyssey features exotic landscapes, whose location and even veracity 
are debated to this day, the Iliad features a very narrow range of landscapes 
whose stark appearance and violence are incorporated into the poetry itself. 
While this work is not intended as literary criticism or analysis, a reading of the 
“landscape-violence similes” used in the Iliad give the earliest possible textual 
glimpse into the understanding of the ancient Aegean landscape and its impact 
on human experience. In the Iliad, particular focus is given to the river 
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Scamander, known by its Greek name: Xanthos. Being fed from mountain 
torrents, the Scamander is given a particular designation as “fostered by Zeus,” 
rather than Okeanos, emphasizing its “rain-fed” origins (Luce 1998).  
The tripartite association between storms, rivers, and destruction used by 
the author in the Iliad illustrates the strength of this association and, by extension, 
the perceived destruction caused by seasonal storms. Four times, once each in 
books 13, 11, 4, and 16, the destruction wrought by mountain streams is 
illustrated to serve as metaphor for the commotion and destruction of the war. In 
two of these examples, the agent of destruction is specifically identified as winter 
rains: 
The Trojans came down on them in a pack, and Hektor led them 
Raging straight forward, like a great rolling stone from a rock face 
That a river swollen with winter rain (ποταμὸς χειμάρρος) has wrenched from its socket 
And with immense washing broken the hold of the unwilling rock face; 
The springing boulder flies on, and the forest thunders beneath it; 
And the stone runs unwavering on a strong course, till it reaches 
The flat land (ἰσόπεδον), then rolls no longer for all its onrush (Book 13.136–142) 
 
As when rivers in winter (χείμαρροι ποταμοὶ ) spate running down from the mountains 
Throw together at the meeting of streams (μισγάγκειαν) the weight of their water 
Out of the great springs behind in the hollow stream-bed, 
And far away in the mountains the shepherd hears their thunder; 
Such, from the coming together of men, was the shock and the shouting (Book 4.452–456) 
 
In both passages, the destruction and calamity are attributed to the 
ποταμὸς χειμάρρος, “the river swollen with winter rains.” That these metaphors 
are used to convey the experience of the war suggests that these, for the Greek-
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speaking audience, are common experiences and readily accessible to the casual 
listener, aiding to create an awareness of space within the narrative (Tsagalis 
2012, Chapter 6). The other two examples, from books 11 and 16, do not explicitly 
name winter storms, but instead more generally reference “swollen river” 
(πλήθων ποταμὸ; 11.492) and “tempest” (λαίλαπι; 16.384). The contrast drawn 
in two of these passages (13.136-142, 11.492-495) between the area of the action 
and the “flat land” (ἰσόπεδον) where movement and destruction ceases 
illustrates a perceived dichotomy in the landscape between the instability of the 
slope and the stability of the plain.  
The strength of the association between the soldier and the winter torrent 
is evident in the longevity of this metaphor well into the 4th century A.D. in Latin 
epic tradition, inherited from the Iliad via the Aeneid (Rees 2013: 106–109). 
Through this semi-formulaic metaphor, the author of the Iliad seeks to establish 
the intensity of the war experience, and thus leaves behind the impression of 
changing landscapes at the mercy of seasonal torrents. The contrast between the 
“mundane” metaphors and traditional seasonal cycles of the Iliad, as exemplified 
in the use of weather similes as “background,” as contrasted with the breezes 
and tempests of the Odyssey which seem to propel the protagonist through the 
plot (Purves 2010: 333, 341). The seasonality of strong floods and erosive events 
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was evidently embedded even in the literary tradition of the Dark Age, where 
the force and rhythm of such events appear to have formed part of a strong and 
persistent general lexicon of easily-accessible imagery. 
 
Homeric references to land management 
Literary evidence for management practices, on the other hand, is significantly 
scarcer, being basically absent in textual references from Greece (Foxhall 1995, 
1996). For example, in the absence of archaeological and textual evidence, Foxhall 
(1996) has argued that terracing was, in antiquity, considered too expensive and 
inefficient to be widely used (Foxhall 1996). Kvapil (2012) suggests that ancient 
sources are not to be trusted and reflect the concerns of only a particular 
individual or group of individuals, in this case elites with large land holdings, 
rather than the subsistence farmers whom she believes benefitted the most from 
the use of terraces. Kvapil’s general argument is that the LBA terraces in places 
like Kalamianos are a marker of intensive and subsistence-based agricultural 
economies and therefore unlikely to be recorded in such archives (Kvapil 2012).  
The most likely candidate for “terrace wall,” is the word αἱμασιά, 
generally taken to mean “field wall.” In a law from the administration of Solon, 
an αἱμασιά is forbidden from crossing property lines, while a τειχίον, must be a 
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foot away from the boundary between plots (Kvapil 2012: 95). If, as scholars 
believe, it can be inferred that those structures which are restricted from crossing 
boundaries are so mandated because they run perpendicular to the slope, then 
the αἱμασιά and accompanying ὀφρῦς may represent built (walled) and unbuilt 
(earthern) terraces respectively (Price and Nixon 2005). In the Odyssey, mention is 
made of αἱμασιά by Eurymachos as he mocks Odysseus (Od. 18.357-3590; Kvapil 
2012: 95). The “walls” here are explicitly associated with the act of planting, 
which may be taken as identification with the type of lynchet terraces used in 
arboriculture today (Kvapil 2012: 95).  
The use of τειχίον, on the other hand, is generally restricted to 
freestanding field walls or components of buildings, with the possible exception 
of a passage from Strabo where the occupants of Methoni are punished for 
refusing to come to the aid of Agamemnon by being cursed to build walls 
(τειχίον) (Geographica 8.6.15). There is, however, no indication in the text or in 
the present day landscape of Methoni to suggest that these walls are terrace 
risers (Kvapil 2012:93). Further discussion of the appearance of terraces and the 
literary and epigraphical evidence can be found in several discussions (cf. Kvapil 
2012, Foxhall 1996, Price and Nixon 2006). What must be said after this brief 
discussion is not only that researchers cannot rely on textual evidence for 
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terraced landscapes in Greece, but that knowledge of terraces did not occupy a 
separate space in the collective consciousness from that of field and enclosure 
walls, which are readily attested. That being said, terracing technology existed in 
the Bronze Age, as attested by the archaeological evidence, however invisible it is 
in the textual record. 
 
WATER RETENTION AND CHANNEL ENGINEERING IN THE ILIAD 
There is, that we know of, no recorded word for “dam” in Homeric Greek. In the 
Iliad, however, the word γέφυρα is used in a very specific context, meaning 
“embankment for the purposes of impediment,” either in the case of the 
embankments of a river of the “embankments of war” discussed three separate 
times (4.371, 20.427, 11.160). When mentioned in reference to river management, 
the γέφυρα are interpreted as the built embankments which retain the banks of 
the river, preventing floods. Although not discussed, given the later use of the 
word, it is possible that γέφυρα are instead check dams designed to curb the 
flow of streams on mountain slopes. 
Another word, specifically taken to indicate “enclosure wall” (ἕρκοϛ), is 
used to specify the function of the αἱμασιά (Od. 24.220-224; cf. Kvapil 2012). The 
use of ἕρκοϛ is here different than in the Iliad, where it is paired with a ditch 
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surrounding a vineyard (Smith 1995). A particular mention Book 5 of the Iiliad 
perhaps further connects ἕρκοϛ with water retention: 
Nor do the walls (ἕρκοϛ) of the fruitful vineyards hold, 
Once the river comes swiftly whenever the rain of Zeus 
falls heavily upon it (Il. 5.87-91) 
 
In this passage, which follows the description of the destruction of 
γέφυραι (embankments) along a “swollen river,” Although this association 
would appear to contradict Kvapil’s designation of αίμασια as “drystone 
agricultural walls of any purpose,” which permits the identification of terraces 
in the historical record, the potential of an earthen ἕρκοϛ would necessitate its 
identification in Book 24 of the Odyssey as αἱμασιά, or “being of field stone 
construction.” As discussed above, this passage further supports the portrayal 
of forceful stream events as an accessible metaphor for inevitable forces, the 
attempted constraint of which is a futile act. 
 
Conclusions: Dark Age Environmental Understanding and Management 
As stated above, Greek historical sources are unreliable for understanding land 
management protocol in the absence of evidence for their implementation, and 
Homeric evidences doubly so. What can be said, however, is that hill slope 
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stability and attempts to guard against sudden floods and torrents were 
identifiable aspects of the Greek landscape. More interesting, is the specificity 
with which the author, or authors, of the Iliad constructs metaphors based on 
dynamics within specific slope and plain depositional environment, belying a 
certain “environmental literacy,” that was strong enough to be used in the 
development of common imagery, imagery which persisted in later epic 
tradition. While, like most Homeric tradition, the imagery of the Iliad and the 
Odyssey should not be projected back into the Bronze Age, these references at 
the very least illustrate a Dark Age awareness of seasonally active and violent 
channel systems, as well as alluvial plains prone to flooding and slopes prone to 
rockslide.  
 
Late Bronze Age Environmental Perception: Linear B, Iconography, and 
Archaeology 
Without relying on Homeric epic, for the reasons stated above, there is very 
little text from which to draw a Bronze Age understanding of the physical 
environment and how to manage it. To this, we add the fact that the state of 
vegetation of the mountains and hillside is currently unknown, although oral 
and historical tradition in Greece often refers to large-scale deforestation in Late 
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Antiquity. Linear B, while mostly concerned with itemized lists of gifts, taxes, 
and tributes, the remunerations, recorded in terms of the ideogram GRA 
(widely accepted as representing wheat, although there is some disagreement at 
to what kind), have allowed some understanding of cadastral systems (see 
below), while lists of harvested plants give some idea as to the necessary degree 
of human interference in the landscape. 
 
Linear B References for land management 
To date, only a small fraction of the Linear B record is dedicated to 
understanding the precise nature of Mycenaean landholding and management, 
and it would seem that the textual evidence alone is insufficient for testing 
current hypotheses (Lane 2012: 101). Examination of the Ed-Ep Series of tablets 
from Pylos demonstrates that the system for recording land-holdings was 
extensive, and focused on more than the holdings in the immediate vicinity of 
the palace (Lane 2012, Bennett 1956). Further comparison of the lexicon of 
landholding with tablets from Pylos, Thebes, Knossos, Mycenae, and Tiryns, 
namely the common terms ke-ke-me-na, ki-ti-me-na, pe-mo GRA / GRA + PE 
amongst others, suggest that this system was widely used and, as far as can be 
observed, standardized (Lane 2012; cf. Shelmerdine 1973; Killen 1983; Halstead 
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1996–1997, 1999; Killen 1964; Carpenter 1983; Halstead 1992,1999a, 1999b). As 
far as the impact of this system on this landscape, little can be determined from 
the written record, although some hypotheses have been developed. The 
distinction in ko-to-na land between ki-ti-me-na and ke-ke-me-na, has been 
suggested to represent active and fallow plots respectively (Carpenter 1983; 
Dunkel 1981). While such a distinction would allow some information for the 
investigation into the impact and sustainability of agricultural practices, it 
remains speculation and the commonly-held translation of these words as 
“privately-held” and “held by the da-mo,” are more likely (Kvapil 2012: 29; 
Bennett 1956; Furumark 1954; Ventris and Chadwick 1953; Duhoux 1971). 
Investigation of Linear B references to non-staple plants, the so-called 
“condiments,” which were cultivated or harvested from the wild, however, 
allows us to further illustrate the types of local environments exploited to 
understand both the character of agriculturally marginal lands and the degree to 
which these were disturbed by Mycenaeans. Safflower (ka-na-ko), for example, is 
found on 6 tablets at Mycenae, and may help to understand planting schedules. 
While Linear B does not explicitly reference a fallow-field system (see above), 
the cultivation of safflower, a summer crop whose planting season overlaps 
with the growing period for staple grains and legumes, may have required some 
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fields to be left fallow in the winter months (Sarpaki 2001: 207–208). The low 
rainfall requirement for safflower makes it well suited for the semi-arid 
highlands around Mycenae.  
Cyperus species plants (sedge), designated as ku-pa-ro and similar forms 
in 33 total tablets from Mycenae (2), Pylos (7), Thebes (1), and Knossos (23), are 
edible tubers usually found in riparian ecosystems (Sarpaki 2001: 217–219). That 
this condiment is identified by count or weight in tablets, totaling an apparent 
10 tons at Knossos, indicates a heavy interest in its harvest. Sedge is a common 
sight today along the banks of the torrential channels both north and south of 
the citadel of Mycenae. The inclusion of these two condiments in illustrates the 
scope to which the agricultural system of the palaces (namely Mycenae, where 
both are present) exploited the landscape, moving beyond winter-harvest plain 
agriculture and exploiting varied moisture regimes. The Mycenaeans were not 
limited to fields and terraces, suggesting that much of their agricultural strategy 
might be invisible in terms of archaeological impact on the landscape. 
 
References for Management Technology 
The Linear B evidence for terraces is lacking.  Some inferences may be made 
from Linear B texts. Although the word αἱμασιά is possibly present in the 
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Knossos Dm series as a3-mi-re-we, mentioned in association with sheep, leading 
to the suggestion that the word refers to enclosure walls (Kvapil 2012). The only 
other, just as tenuous, etymological connection between τειχίον and terraces are 
the “wall builders” (to-ko-do-mo) mentioned in Pylos tablets An 7.11, An 18.6, An 
35.1, and Fn 1427. Although there is no further definition of the “walls” these 
individuals are building, they are sent out to multiple places recorded on the 
tablets (Kvapil 2012).  
 
Iconographic Representations of Hillslopes 
Iconography does not does not replicate nature but rather presents those 
aspects of the natural environment for which the artist has the necessary 
“schemata,” or sets traditions (Gombrich 1960:16). Aegean landscape 
representations do indeed appear to present a set of schemata developed to 
represent barren rocky hillsides with occasional vegetation.  
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While the corpus of Aegean landscape iconography is biased towards 
Minoan art, some pertinent observations are possible. Minoan art, which 
represents the greater number of examples, is characterized by alternating bands 
of plain middle ground with foreground and background represented by wavy 
lines representing outcrops of rock, from which plants emerge. It is likely 
Figure 87. A) The silver “Siege Rhyton” from Mycenae, showing warriors defending a 
walled city on a hill. The trees depicted resembled olive trees, while the ground surface is 
shown to be irregular, as illustrated by the wavy boundary separating the hillside into a 
foreground (light gray) and background (dark gray). B) Photo of the citadel of Mycenae, 
facing northwest, showing modern vegetation (olive and almond trees) as well as the 
irregular bedrock of the acropolis hill which may be schematized in the Siege Rhyton (A, 
light and dark gray). 
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(Chapin 1995) that these represent schematized hillsides, with the blank middle 
ground representing the passable portions, potentially soil covered, of the 
hillside. 
In Mycenaean art, fully naturalistic representations of hillsides appear, 
with few exceptions, mainly on metalwork. Where the Mycenaeans do depict the 
surrounding landscape in wall paintings, it is generally schematized (Chapin 
1995: 251). In fact, there is no reason to suspect that the Aegean landscape as 
represented in Bronze Age painted plaster, generally sparse with patches of 
vegetation on exposed bedrock, is anything other than a simplification of a 
landscape that looked very much like the current one. The Siege rhyton, from 
Mycenae (FIG. 87), for example, shows a sparse bedrock slope with scattered 
trees, an image familiar to visitors to the modern archaeological site of Mycenae 
(Chapin 1995). 
 
 Archaeological Evidence for Land Management 
The evidence, architectural and botanical, suggests that the Mycenaeans applied 
a combination of intensive and extensive methods (Jones 1987, 1992; Jones and 
Halstead 1995). While large-scale land management measures are present, 
namely in the form of the polder of the Kopaic basin and the massive earthen-
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bank dam and stream diversion at Tiryns, small scale measures are less 
commonly reported. While there is some supposition that other large-scale dams 
and drainages existed (Knauss 2001), the dating evidence is lacking, and these 
features more likely date to later antiquity. The majority of evidence for the  
  
Figure 88. Horizontal drainage canals on the citadel of Mycenae. Locations of drains: 1) Near the Lion Gate; 
2) House of the Warrior Vase; 3) South House; 4) the Great Drain; 5) House of Columns; 6) Northwest Gallery. 
Inset: the location of Mycenae in the Peloponnese.  
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management of erosion and hydrology comes from small-scale constructions, 
which themselves are restricted to the palaces, with the most extensive evidence 
being the road and terrace systems centered on the citadel of Mycenae. Here, we 
restrict the discussion to those projects securely dated to the Late Bronze Age.  
 
CULVERTS 
While having little bearing on agriculture, it is worth noting the technology used 
in removing water from the citadel itself. Small holes, a total of six yet 
discovered, served to drain water from along the interior of the fortification 
walls. For areas further into the interior of the citadel, vertical and horizontal 
stone-lined drains were used. Mylonas’ “Great Drain,” for example, directs water 
along the staircase descending from Tsountas’ House into the cult center, 
preventing the erosion of the steps themselves (Mylonas 1966) (FIG. 88).  
The use of drains and their incorporation into the architecture of the 
citadel indicates an understanding of the damage caused by moving water and 
the knowledge of how to avoid this damage. This knowledge is put to use in the 
water management systems employed by the “Mycenaean Highways” (FIG. 89A). 
Culverts, or cross-drains, were built into road beds to prevent wash-outs. The 
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frequency and placement of these erosion countermeasures was, it would seem, 
calculated based on the slope grade and the local drainage patterns (Smith 1995). 
Bridge culverts, where the bridge passes over the streambed, were often 
corbelled or, less frequently post –and-lintel (Smith 1995). The  Lykotroupi 
revetment, which supports Highway 1 as it rounds Agrilovouno, provides a 
particular example of landscape preservation (FIG. 89B, C). A gap in the stones, 
weathered by running water to the point where previous scholars believed it to 
be a constructed arch, has permitted runoff and groundwater to pass through 
without disturbing the stones, acting as would the “cross drains” described 
89. A) Extent of road system around Mycenae, solid lines represent sections of road for wich some surface is 
preserved, dotted lines are hypothesized road segments; C) The Lykotroupi culvert in the in the Mycneaean 
Highway connecting Mycenae with the Berbati region to the east. 
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above (Smith 1995, contra Hope-Simpson 2006). Indeed, this principle was also 
intentionally applied to road architecture, with 25 openings having been built 
into the downhill face of the roads surveyed during the Berbati-Limnes project 
(Schallin 1996). 
The observed quantity of small-scale runoff management features at 
Mycenae, then, demonstrate an awareness of the dangers of undercutting due to 
erosion. This expertise appears to be connected to the observation of eroded 
slopes at certain grades. In turn, this dictated the placement of drains and 
revetments, illustrating that Mycenaean highway technology in particular had 
adapted to high grade slopes prone to runoff and gully formation. 
 
Soil retention and reclamation 
 It is impossible to discuss the impact of Mycenaean settlement on the landscape 
without first examining the measures used by ancient people to stabilize their 
surroundings. To date, very little is known about these systems, although 
remnants have been found in several regions dating to the full breadth of the 
Bronze Age.  
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TERRACES 
The most complete example of Bronze Age land management in the Greek 
Aegean is one the island of Pseira along the northern coast of Crete, where a land 
management system has been excavated dating to the Middle Minoan period. 
The island of Pseira was transformed in the Middle Minoan Period for the 
purposes of agriculture by the construction of step terraces over a large portion 
of the island (Betancourt 2005). Betancourt makes a particular point to emphasize 
that this was a “transformation” and not “abuse” (287), indirectly citing and 
representing the resulting landscape as stable, rather than given over to erosion. 
This transformation covered a significant portion of the island, even resulting in 
the silting-up of channel beds, indicating that this was an “intensive,” rather than 
an “extensive” use of the land (Betancourt 2005: 287). Supporting this claim, 
Betancourt notes (289) that some terraces on Pseira would have provided very 
little arable land, representing instead that “the intent was to make optimum use 
of the available land surface.” This intensive and labor-intensive agricultural 
system contrasts with the infrequent use of terraces on the preferable, low-slope  
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 and deeply developed soils at Chrysokamino (Betancourt 2005: 290; cf. 
Betancourt et al., 1999: 347-353). 
On the Mycenaean mainland, the best-studied example of terracing is at 
Korphos-Kalamianos, where a system of linear (contour) terraces was discovered 
dating from the Middle Helladic into the Late Helladic (FIG. 90). Kvapil (2012), 
who performed the mapping and analysis of these terraces as a component of the 
Saronic Harbor Archaeological Research Project (SHARP), observed that the 
terraces in the immediate environs of Kalamanos, constructed in LH III B at the 
beginning of terrace construction in the area, all fall on slopes with a grade of 8% 
Figure 90. The terrace system at Korphos-Kalamianos. Both slopes and land within the settlement itself were 
terraced, often on shallow-sloped land that likely didn’t require terracing. Arrows point to rectilinear plots 
which may be garden terraces. 
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or less; a shallower slope than would generally require artificial retention 
(Whitelaw 1991). Kvapil (2012) attributes the dubious necessity of these earliest 
terraces to what has become a common phenomenon in Mycenaean architecture, 
or at least a common device in interpretation, namely the display of power and 
control (e.g., Wright 2006). Kvapil argues that these early terraces, as part of the 
initial push towards extensive agricultural practice on the part of the Palace of 
Mycenae, were constructed, not as soil retention measures, but as a means of 
demonstrating palatial control. As with any study of large-scale built landscape 
features, the issue of insufficient dating evidence hinders too great an inference 
from these and other Mycenaean terraces, which have not been excavated. While 
an “organizational” interpretation may hold for a scant few of the terraces at 
Korphos-Kalamianos, such as those in the east of the settlement, the terraces 
otherwise follow hill contours and bear similar design and morphology. 
The study of prehistoric terraces on the Greek mainland, owing to the 
problems of dating and preservation, is restrictive. The relatively extensive 
system discovered at Mycenae, first by Steffen, and again catalogued by S. 
Iakovidis and E. French (2001) was, for example, dated mainly by the inclusion of 
large “cyclopean style” blocks. While this dating seems to hold for the terraces at 
Mycenae, as judged by groupings observed in spatial analysis (see Chapter 4), 
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without ceramic chronologies gained by excavation, terraces are best dated 
relatively by “generation,” utilizing changes in architectural style and vertical 
relationships to develop a sequence of terrace systems (Zangger 1990). 
 
DRAINAGE PROJECTS  
At Glas in the Kopaic Basin, a polje or karstic basin in Boeotia, the adaptations for 
agricultural development take the form of landscape engineering (FIG. 91A) and 
administrative structures (FIG. 91B). The administrative buildings within the 
citadel are not yet fully understood, and several buildings have only recently 
been uncovered through the use of GPR and Magnetometry by the DEPAS team 
(Maggidis and Stamos 2012). Befitting its unique setting, the citadel of Gla hosts 
unique architecture in the form of the twin melathra (palace-like megaron 
complexes) which adhere to an “essentially functional plan” (Iakovidis 2001:40). 
This complex was inhabited permanently, as attested by frequent repair and the 
presence of mostly domestic wares (Iakovidis 2001: 40). The Central Enclosure, 
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however, is integral to the citadel’s function and relationship with the 
agricultural engineering in the basin. The function of the citadel in managing the 
produce of the surrounding drainage s illustrated by the quantities of charred 
grain and storage vessels found in the area. (Iakovidis 2001: 80-83; Jones 1995).  
Figure 91. Glas and the Kopaic basin in Boeotia. A) The polder system in the northeast Kopaic 
basiin, red lines indicate the features recently discovered by the AROURA project. B) Glas, 
showing the central enclosure with storage buildings (lower enclosure) and the twin 
administration buildings, or melathra (upper enclosure).  
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Outside the walls, nine polders were drained at various embayments at 
the boundaries of the basin, the largest two falling within the ancient lake bed 
(Kalcyk et al. 1986). As Iakovides observed in 2001: 
To be specific, the Kephissos and Melas were led to a wide canal built along the 
north bank which conducted them to the big katavothrai of the east bay. The 
Herkyna was diverted to a canal to the south which received in addition the waters 
of Phlaros and the other southern watercourses and led them to the katavothrai 
along the SE bank. The canals were flanked by 2 m. high and 20 m. wide dykes, 
built at a distance of 40-60 m. from the cliffs. Their inner sides were faced with 2-
2.50 m. thick Cyclopean revetments that made them fairly watertight and 
protected them from the wash of the waters. (Iakovidis 2001: 155) 
 
North of Gla and for about 200 m. the canal left the bank and crossed the bay in 
two parallel branches, one heading towards the large sinkholes of Binia and the 
Big Katavothra and the other to those at Vristika. According to modern estimate 
two million m3 of earth had been moved to build the dykes and 250,000 m3 of 
stones were used to revet them. The overflow of the main canal has been 
reckoned at 100 m a second. 
An important fact can be extrapolated from the observations of the 
volume of material involved in creating the field systems at Glas: labor 
expenditure. Assuming the labor rates suggested by Erasmus (1965), Hard et al. 
(1999), and Mee and Cavanagh (1999), the reclamations in the Kopais required a 
minimum of 6,979,656 person-hours. This expenditure, even with 1,000 laborers, 
would require 1,395 days, or 15.5 planting seasons. A 90-day work season is 
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assumed (following Kvapil) as work on channel beds would by necessity have to 
occur during the driest months. It is important to note that these calculations 
include only as many works as were calculated by Knauss (1991), and the 
material volume calculations have not been updated the findings of recent 
geoprospection and excavation by M. Lane and colleagues (Lane et al. 2016), 
which significantly increase the area and volume required, as well as introducing 
the field systems themselves, which undoubtedly add further levels to the 
necessary built structures. This, and the discovery of multiple orientations within 
the “reticulate patterns” indicating buried field systems, as well as M. Lane’s 
observation considering the relative orientations of the canal and polder walls, 
suggest that the system at Glas was one long in the making. Iakovidis suggests 
the polder and the citadel (which, Iakovidis, asserts, was built for the sole 
function of administering cultivation in the reclaimed land) were in operation for 
most of LHIII B.  
While other large-scale drainage projects exists and may be of Mycenaean 
date (Knauss 1991, 2001), Glas is the only site well-dated to the Mycenaean 
period. Land management techniques at Glas show an adaptive understanding 
of land use, rather than a reactionary or “triage” approach as supported by 
proponents of the overshoot hypothesis (see Tainter 2006; Janssen and Scheffer 
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2004). That Mycenaean landscape management was, instead, a long-lived 
tradition is further supported by new radio carbon and ceramic chronology from 
within the supposed field system. Geophysical and soil survey conducted in 
Kopais basin by the AROURA (Archaeological Reconaissance Of Unrecorded 
Remains of Agriculture) project under the direction of Dr. Michael Lane (2010–
2012) has revealed overlapping patterns of rectilinear features, presumable field 
systems and irrigation canals, buried in the Kopais basin. These positive 
geomagnetic anomalies potentially include 4 or 5 irrigation canals powering a 
gravity-fed system of fields. Here, ceramic survey uncovered a terminus ante 
quem of LHIIIA2.  Finally, the 14C dating of these features by the AROURA 
team places the construction of the drainage and resultant field system ca. 1600 
B.C. (Lane et al. 2016), at the inception of the palatial culture, rather than toward 
the end. Whether or not the polders predate the citadel at Glas, the early date of 
the proposed drainage, during the rise of palatial authority and wealth elsewhere 
in Greece, suggests that this project was not reactionary, but rather the 
exploitation of available resources based on observation, and perhaps an 
adaptation to gradual climatic shifts (for discussion of climate change, see 
Chapter 7). 
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Discussion 
The combined record of Bronze Age landscape representation and archaeological 
evidence for management technology, although limited to date, does allow for 
some basic conclusions concerning the awareness of the landscape and likelihood 
of adaptive behavior. The Linear B record, though providing no evidence for 
agricultural maintenance, does represent a well-developed system of 
administration, and an agricultural economy that incorporated staple crops in 
field systems and regular exploitation of native vegetation. The variety of land 
and water management technologies represent an understanding of how to 
effectively alter waterways and reduce erosion, notable over a large portion of 
the Mycenaean world and as early as the earliest palaces. Meanwhile, the 
iconographic evidence, such as it is, reflects a physical landscape similar to the 
modern one. A brief assessment of the above evidence demonstrates the 
potential value of archaeological, historical, and iconographic evidence for 
establishing a baseline for discussions of perception in the Bronze Age and Dark 
Age environment. The picture which develops concurs, to a degree, with 
Weiberg’s specific assertions for the town of Tiryns, but on a larger geographic 
and temporal scale.
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CONCLUSION: LANDSCAPE CHANGE AS ENVIRONMENT AND 
OBSERVATIONS ON RESILIENCE 
 
Catastrophe or Conditions at the end of the Bronze Age 
A simple conclusion may be inferred from the processes detected in this, 
admittedly small, sample of from the end of the Bronze Age in the Argolid: 
environmental conditions at the end of the Bronze Age resulted in activity in 
upland valleys resulting in periodic transport and deposition along the margins 
of the plain. An earthquake, at the end of LH IIIB, appears to have caused 
damage at Mycenae and Chania, while rapid burial occurred both at Mycenae 
and Tiryns (FIG. 92A). While occupation continued in the environs of Mycenae 
(FIG. 92B), it was lessened in capacity (FIG. 92C, D). At the end of LH IIIC, renewed 
soil instability, possibly caused by a sudden change in moisture regimes, appears 
to have resulted in deposition in areas along the margin of the Plain (FIG. 92E). 
The continued, if mollified, alluviation at the Northwest Lower Town of Tiryns 
additionally points towards a continued increase in stream power, as even the 
dammed channel appears to have been active until some point in the Early Iron 
Age, when settlement continues at the site (FIG. 92F). This chronology is loosely 
consistent with the history of colluviation at Mycenae, which preserves a period 
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of soil formation (indicated by an incipient A Horizon) proceeding post-palatial 
debris flows and preceding the excavation of a middle geometric grave into the 
“red sediments.” This series of debris flows is again imitated at Chania, burying 
the LH III settlement and ceasing at some point in the EIA. It is important to note 
Figure 92.  A hypothetical sequence of stream and slope sedimentation at during LH III in the Argive Plain; 
A)The earthquake at Mycenae, which diverts the Longaki watercourse and causes destruction at the citadel 
as well as the settlement at Chania occurs at the end of LH III B, at roughly the same time as the floods at 
Tiryns (although there is no evidence yet this was caused by an earthquake; B) Chania is abandoned in LH III 
B2, while occupation continues at Mycenae and Tiryns (rebuilt after the flood); C) In LH III C middle, the last 
building outside of the walls at Mycenae is abandoned, while occupation at Tiryns and burial at Chania 
continues; D) At some point, the Northwest Town of Tiryns is abandoned, possibly the result of burning, 
while burial continues at Chania; E) In LH III C Late, activation along the margin of the plain appears to 
generate substantial erosion and accumulation along the  northern boundary of the plain, causing the burials 
of Mycenae and Chania, while Argos, in the Xerias drainage to the west, also reported experiences floods, 
Tiryns, already abandoned, suffers minimal burial during this time; F) Both Mycenae and Tiryns are 
reoccupied, to an extent, during  the Early Iron Age, although the Lower Town of Mycenae is not re-used until 
the Middle Geometric and then only as a cemetery. 
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that the burial of Chania implies that the debris flow events effected channel 
margins at a considerable distance, specifically where the drainage from 
Mycenae connects with the Inakhos channel system (FIG. 92E). 
 
 “Natural” and “Anthropogenic” Erosion 
Increased deposition in LH IIIB, by way of torrential flows from the Chavos 
ravine, necessitated the construction of two long walls as part of a flood-control 
mechanism in the alluvial terrace south of the citadel. In LH IIB, these walls 
appear to have been damaged by the same earthquake that generated 
destruction in various Houses in and around the citadel. As demonstrated by 
Maroukian et al. (1996), this seismic activity changed the course of the Chavos 
channel, temporarily cutting off the channel as it passed along the northern 
slopes of Mount Zara. At this point, debris flows originating from these slopes 
were washed out of the channel, further burying the Lower Town. At the same 
time, drying conditions and fluctuating rainfall began to transport disturbed soil 
and archaeological material from the environs of the Lions Gate, House of the 
Oil Merchant, and Tomb of Clytemnestra into the micro-basin created by the 
intersection of the Lower Town walls and a re-activated stream channel. The 
final event, the deposition of Packet 3, appears to have been deposited during 
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the wetter period occurring during 800 B.C. (Finné et al. 2014). This would allow 
sufficient time for minor soil formation to occur before the excavation of the 
Geometric Burial and would account for the “dirty” carbonate coatings on 
pebbles occurring approximately 50 cm below the surface. 
 While subsequent stream incision appears to have redirected slope wash 
and provided a stable surface for human activities in the middle Geometric 
period, stability to the west of the walls seems to have been less permanent. 
While carbonate formation on clasts within Units I and II suggests at least one 
additional period of stability before the Geometric period stability, this stability 
is shorter lived for Unit II, in which deposition continues, burying structures 
from the Geometric and later periods across the entire site, forming the modern 
surface of the terrace.   
 This discussion and reconstruction is by no means conclusive. The dating 
of the burial of the Lower Town, while certainly falling on or after LH IIIB, 
cannot yet be more securely dated. Rubble deposits resulting from the toppling 
of the portions of the wall are found at several depths within the first 40 cm of 
Unit II, adding to the difficulty of assigning this destructrion to the LH IIIB- 
early LH IIIC earthquakes, the earliest and most destructive of which falls at LH 
IIIB 1/2. While the red sediments of Unit I contain no pottery, one cannot say 
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with certainty whether or not the slopes of mount Zara, used extensively today 
by goatherds, were disturbed by humans in such a way that would not leave 
behind cultural material.  
 Nevertheless, it is here demonstrated relatively sudden landscape change, 
likely initiated by seismic activity (Maroukian et al. 1996; Kilian 1996) and an 
increasingly erratic pattern of rainfall under aridifying climatic conditions, is 
exacerbated by the presence of long-lived human-landscape interaction. While 
further research into micro-climate (currently being conducted with the support 
of the Archaeological Institute of America) is required, landscape change and 
related socio-economic transformations should be viewed through the lens of 
these complex intersections of anthropogenic, climatic, and seismic conditions. 
These conditions are not likely to be continuous across geographic space (contra 
Nur 2008), and these differences, upon further study, may account for 
differences in timing in the decay of palatial control and the longevity (or lack 
thereof) of post-palatial communities. It is worth noting that during this period, 
the extramural settlement of Tiryns thrived, while upland sites in the Argive 
Plain such as Mycenae and Chania suffered losses of land and rapid burial. 
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Resilience and Perception 
As illustrated in Chapter 6 (above), the archaeological, iconographic, and literary 
traditions allow for a faint understanding of perceived conditions in Greece 
during the Bronze Age and Dark Age. A brief examination of the Iliad shows a 
literary tradition with a descriptive lexicon built on a seasonally wet 
environment prone to heavy torrents, as well as a rudimentary distinction 
between sedimentary processes of slope and alluvial systems. Evidence for 
Bronze Age understanding similarly shows an awareness of rivers and their 
management, likely in a physical environment characterized by “patchwork” 
hillslopes consisting of low vegetation and bare bedrock, much like the modern 
Peloponnese. While imprecise, this discussion (Chapter 6), supports Weiberg’s 
(2014) conclusion that familiarity with landscape processes would have been an 
important component of response to change, suggesting perhaps that this 
familiarity went beyond “experience” and local oral tradition, but was rather 
more universal in Mycenaean and Early Iron Age Greece. 
 
Disaster, Perception, and Recovery 
With respect to the settlement and organization of Early Bronze Age sites within 
the Greek landscape, Erika Weiberg suggests a model based on perception of the 
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settlement within the confines of the natural topography (Weiberg 2011, 2014; 
Weiberg and Finné: 2013).At the citadel of Tiryns, Weiberg observes that the 
topography of the acropolis likely aided in unifying the settlement and 
reinforcing internal divisions. In particular, the contrast between the restriction 
of the rocky outcrops and the open space available in Lower towns such as at 
Tiryns may have had an impact on the organization of the site (Weiberg 2011:59). 
“Perception,” as Weiburg calls it, also functions diachronically to temper 
responses to natural processes perceived as commonplace or continuous, as in 
the case of the EH channel revetment to the south of the citadel and the obvious 
prior experience of the Tyrinthians with floods and channel management 
(Weiberg 2014). We might then characterize life in the Lower Town of Tiryns as 
existing in an active local environment, with occasional floods, by a people 
familiar with alluvial dynamics against the background of a general stable 
alluvial plain. 
 This might contrast significantly with life in the margins of the Plain of 
Mycenae, where, it would seem, relative stability was the rule in the lower 
reaches of the Kokoretsa and Khonia channels, where agriculture and settlement 
were likely focused. In this region of high relief, however, the sudden 
depositional event at the end of the Bronze Age may have had a more sudden 
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and, I suggest, a more “perceivedly disastrous” impact. As a result, the banks of 
the Khonia were abandoned, prior to the final abandonment of the Panagia 
houses outside the citadel (Desborough 1964) and when the used resumed in the 
Middle Geometric, the area was used as a cemetery until the Archaic. By 
contrast, the Lower Town of Tiryns was rebuilt in LH IIIC, and the Great 
Megaron converted into Building T (Maran 2001). Life, although undoubtedly 
altered, continued in outside the walls at Tiryns (Maran 2002, 2006), while 
settlement and other evidence of use are largely absence in the environs of 
Mycenae, including apparent depopulation in the Berbati valley, presumed to be 
under the immediate control of the palace at Mycenae. 
 Perception should be seen as operating within a complex of other process, 
such as economics (van Andel and Runnels 1987) and agricultural resources 
(Zangger 1992; Bintliff 1977) to produce settlement change on the emergent level. 
Indeed, while Tiryns and the sites at Korphos-Kalamianos had access to the 
Argolic Bay and Saronic Harbor respectively, only Tiryns persists into the post-
palatial period, while Korphos Kalamianos is abandoned like those sites in the 
direct orbit of Mycenae. 
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Landscape Change and the Mycenaeans 
The above analysis and discussion is meant neither to be a complete model, nor a 
mono-causal and environmentally deterministic explanation for palatial collapse. 
Rather, it is an attempt to place what can be known at this point concerning the 
stability of the physical environs of the Argive Plain within a context of 
landscape engineering and socioeconomic change during what is arguably the 
most important period in the development of ancient Greek civilization, namely 
the drastic reorganization of society which began the trajectory toward city-states 
and Classical civilization. 
 This is, of course, a suggestion based on observations of intra-regional 
landscape change, and cannot, for the moment be extrapolated to explain 
changes in regions where such disparity in stability cannot be observed. Instead, 
the landscape instability at Mycenae is presented in opposition to the current 
view that the Late Bronze Age landscape was stable, with the “flooding” at 
Tiryns forming an exception to the rule. Rather, the slope soils of Mount Zara 
appear to have been subjected to pre-adapting forces or processes which made 
them susceptible to erosion and transport. The timing of and human response to 
“natural” events, however, appears to be of importance in steering power and 
population away from Mycenae, with limited agricultural land and a shift in 
 259 
interregional trade hindering growth in the marginal landscape of Mycenae, 
while agricultural resources at Tiryns, in the form of renewed alluvium and a 
high water table, allowed for the rebuilding of the Lower Town at Tiryns while 
Mycenae and it’s ancillaries in the Berbati valley underwent depopulation or 
contraction. As Weiberg has suggested, perception may have added to this 
disparity, as the hyperconcentrated flows in the restrictive drainage of the 
Khonia channel would have had a more dramatic impact on the usable space 
than the LH IIIB floods would have in the low-relief plain around Tiryns. Such a 
disparity in the perceived impact of the disaster may help explain variation in 
response to disaster over small distances such as in the Argolid. 
While intriguing, this landscape perception framework is by no means 
complete and will only be borne out by a better chronological control over the 
landscape management features in the environs of Mycenae. It should also be 
emphasized that the interpretation of the post-Mycenaean micromorphology at 
Tiryns does not unequivocally point towards sustained floods in the strictest 
sense, but rather some degree of surface transport and decreased retaining 
vegetation. Nor should this be interpreted as cause for the collapse, rather part of 
the complex sequence of events that reduced the capacity of the palatial system 
to “bounce back” and which helped create a new and decentralized sociopolitical 
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landscape from which could emerge new Iron Age systems of organization. This 
is not an argument for discontinuity (contra Dickinson 2006a, 2006b; Carpenter 
1966), but microregion settlement pressures such as this would help explain why 
some sites continue and some do not, while populations shift to the more viable 
settlement land in the immediate landscape. Instead, like on the larger scale of 
the Eastern Mediterranean (Muhly 1992), this time period seems to have been 
one of rapid adaptation, innovation, and reorganization. Further investigation of 
micro-region landscape change will allow archaeologists to place this innovation 
in its physical context and to reconstruct the side-by-side transformations of 
society and the land during this pivotal period in antiquity.  
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